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Abstract
In the coset model based on (A
(1)
N−1 ⊕ A(1)N−1, A(1)N−1) at level (N,N ; 2N), it is known that
the N = 2 superconformal algebra can be realized by the two kinds of adjoint fermions. Each
Kac-Moody current of spin-1 is given by the product of fermions with structure constant (f
symbols) as usual. One can construct the spin-1 current by combining the above two fermions
with the structure constant and the spin-1 current by multiplying these two fermions with
completely symmetric SU(N) invariant tensor of rank 3 (d symbols). The lowest higher
spin-2 current with nonzero U(1) charge (corresponding to the zeromode eigenvalue of spin-1
current of N = 2 superconformal algebra) can be obtained from these four spin-1 currents
in quadratic form. Similarly, the other type of lowest higher spin-2 current, whose U(1)
charge is opposite to the above one, can be obtained also. Four higher spin-5
2
currents can
be constructed from the operator product expansions (OPEs) between the spin-3
2
currents of
N = 2 superconformal algebra and the above two higher spin-2 currents. The two higher
spin-3 currents can be determined by the OPEs between the above spin-3
2
currents and the
higher spin-5
2
currents. Finally, the ten N = 2 OPEs between the four N = 2 higher spin
multiplets (2, 5
2
, 5
2
, 3), (2, 5
2
, 5
2
, 3), (7
2
, 4, 4, 9
2
) and (7
2
, 4, 4, 9
2
) are obtained explicitly for generic
N .
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1 Introduction
One of the conformal field theories (CFTs) in two dimensions can be described as the following
coset model
SˆU(N)N ⊕ SˆU(N)N
SˆU(N)2N
. (1.1)
The affine Kac-Moody algebra in the numerator has the levels (N,N) while the corresponding
algebra in the denominator has the level 2N , which is the sum of the levels in the numerator.
The two dimensional SU(N) gauge theory coupled to the adjoint Dirac fermions associated
with this coset model has been described in [1]. What is special feature behind the above
2
coset model? This coset has N = (2, 2) supersymmetry [2] 1. The Virasoro primary field
has the spin-1
2
for the adjoint representation at the first level N , which is nothing but the
dual Coxeter number of SU(N) [3]. The corresponding highest weight fields are given by
a set of (N2 − 1) free fermions living in the first factor of the numerator. Then the first
supersymmetry generator, spin-3
2
current, can be written in terms of these adjoint fermions.
See also (2.74), (7.49) and (7.50) of [3]. Furthermore, the similar analysis can be done for the
other adjoint fermions living in the second factor in the numerator because the coset model
also has the second level N [2]. The second supersymmetry generator, spin-3
2
current, can
be obtained from these adjoint fermions. Then the standard N = 2 superconformal algebra,
characterized by one spin-1, two spin-3
2
and one spin-2 currents, in terms of these two adjoint
fermions can be realized in the stringy 2 coset model [2]. We would like to construct the
higher spin currents (and their OPEs) in the above stringy coset minimal model beyond the
currents of N = 2 superconformal algebra.
As observed in [1], for N ≥ 3, there exist higher spin currents as well as the N = 2
superconformal currents 3. That is, for N = 3, the two lowest higher spin-2 currents were
obtained from the Dirac fermions. Furthermore, the existence of two higher spin-7
2
currents
and one higher spin-4 current has been checked from the extended vacuum character technique.
By examining these higher spin currents in details, we would like to understand the higher
spin symmetry algebra in the coset model (1.1), which is much larger than the conventional
WN symmetry algebra [3]. The central charge in (1.1) is given by
c =
1
3
(N2 − 1), N = 3, 4, 5 · · · . (1.2)
The value c = 8
3
coincides with the first value in the series (1.2) 4. One can check the
relation (1.2) by obtaining the Sugawara construction for the stress energy tensor, spin-2
current, written in terms of two fermions in (1.1) and reading off the fourth-order pole of the
OPE between the stress energy tensor and itself 5. In the large N limit, the central charge
behaves as N2. This implies that the bulk dual is presumably a string theory on AdS3 space
1 In this paper, we describe only the holomorphic part of the (higher spin) currents. The anti-holomorphic
part of the (higher spin) currents can be described similarly. Then we will use the notation for the supersym-
metry as N = 2 supersymmetry simply rather than N = (2, 2) supersymmetry.
2 This terminology was used in the review paper by Gaberdiel and Gopakumar [4].
3For N = 2, there exists only N = 2 superconformal symmetry because the d symbol in SU(2) vanishes
identically.
4 In the N = 2 superconformal minimal models, the central charge is given by c = 3k(k+2) where k = 1, 2, · · ·
[5]. Then it is easy to see that k = 16 case [1] corresponds to the c = 83 .
5 Note that the central charge term also arises in the OPE between the spin-1 currents and in the OPE
between the spin- 32 currents. Some details on this issue (the normalizations of the spin-1 and spin-
3
2 currents)
will be described in section 2.
3
observed in [1]. In the coset model with the levels (k, 1; k + 1) in the context of Gaberdiel
and Gopakumar’s proposal [6, 7], the central charge behaves as N in the large N limit. The
number of gauge invariant states in the former is bigger than the ones in the latter. The ’t
Hooft coupling constant in [6] becomes λ = 1
2
in the coset model (1.1).
For the large N = 4 holography [8], the free symmetric product orbifold CFT is dual
to the string theory at the tensionless limit [9]. It is known that the stringy symmetry
algebra is much bigger than the vector-like symmetry algebra of the Vasiliev higher spin
theory [10]. By studying the conformal perturbation theory of the free symmetric orbifold
CFT (corresponding to switching on the string tension), the additional symmetry generators
of the stringy symmetry algebra seem to belong to different (sub-leading) Regge trajectories
[11]. Then the higher spin generators of Vasiliev theory correspond to the leading Regge
trajectory (having the lowest mass or anomalous dimension for a given spin). See also the
relevant works in [12, 13].
For the N = 3 holography [14], the deformation term breaks the higher spin symmetry and
induces the mass to the higher spin fields [15, 16]. The masses are not generated for the SO(3)R
singlet higher spin fields at the leading order of 1
c
where c is the central charge. However,
the mass formula for the SO(3)R triplet higher spin fields looks like the Regge trajectory on
the flat spacetime. Although they use the previous extended algebra (for example, for spins
s = 3, 4), it is not clear that this extended algebra [7, 17] coincide with the higher spin algebra
with N = 3 supersymmetry. In other words, so far it is not known what is the higher spin
symmetry algebra for the higher spin currents together with N = 3 superconformal algebra
6. It would be interesting to see the higher spin symmetry algebra (between the low higher
spin currents) explicitly.
Now one asks how one can make a deformation which breaks the higher spin symmetry
(and keeps the N = 2 superconformal symmetry) and see the mass formula for the higher
spin fields (SO(2)R doublet or singlet) at the leading order of
1
c
(or at finite c). In order to
answer this question, one should obtain the higher spin symmetry algebra for the low higher
spin currents in the stringy coset model (1.1) as a first step. According to the result of [1],
one has the higher spin currents of spins
(2,
5
2
,
5
2
, 3), (2,
5
2
,
5
2
, 3), (
7
2
, 4, 4,
9
2
), (
7
2
, 4, 4,
9
2
), (4,
9
2
,
9
2
, 5), · · · , (1.3)
in the N = 2 multiplet notation where the five higher spin currents (two spin-2, two spin-7
2
and one spin-4 currents) are located at the first component of each N = 2 multiplet. We
6The currents are characterized by one spin- 12 , three spin-1, three spin-
3
2 and one spin-2 currents [18, 19, 20].
In N = 2 superspace, one can realize them as two N = 2 multiplets [21]. That is, (1, 32 , 32 , 2) and (12 , 1, 1, 32 ).
4
put the other three components with correct spins at each N = 2 multiplet. Of course, the
standard N = 2 superconformal algebra can be obtained from the currents of spins (1, 3
2
, 3
2
, 2).
In previous works [22, 23, 24], the higher spin currents of spins (5
2
, 3), (7
2
, 4), (4, 9
2
), (4, 9
2
),
(9
2
, 5), (11
2
, 6) and (6, 13
2
) are constructed together with the currents of spins (3
2
, 2) of N = 1
superconformal algebra. One can easily see that the first five N = 1 multiplets appear in the
above N = 2 multiplets (1.3). The remaining ones will also appear in the list of (1.3) 7.
In this paper, we construct the first two N = 2 multiplets (1.3) in terms of two adjoint
fermions, obtain the complete OPEs between the first four N = 2 multiplets (in component
approach and in N = 2 superspace) and present how the higher spin-7
2
currents can be
obtained from two adjoint fermions. First of all, one should determine the lowest higher spin-
2 current. After this is found, then its three other component higher spin currents can be
obtained from the N = 2 supersymmetry. Similarly, the other lowest higher spin-2 current
(and its associated three other component higher spin currents) can be determined. Now the
remaining undetermined higher spin currents (third, fourth, · · ·, N=2 multiplets of (1.3))
should appear in the OPEs between the known higher spin currents.
As the spins increase, the right hand side of the OPE contains too many terms. Then how
one can rewrite them in terms of the composite fields consisting of the known (higher spin)
currents? In addition to the spin of the higher spin current (zeromode eigenvalue of stress
energy tensor spin-2 current of N = 2 superconformal algebra), there exists other quantity
to characterize the state corresponding to the higher spin current. One can use the zeromode
eigenvalue of the spin-1 current of N = 2 superconformal algebra 8.
Therefore, it is crucial to observe the U(1) charges for the higher spin currents in (1.3)
because the right hand sides of any OPEs, which are complicated expressions of adjoint
fermions, should be reexpressed in terms of the known (higher spin) currents. In other words,
once we know the U(1) charge of the left hand side of any OPE, then one can figure out
the algebraic structure of the right hand side by considering the composite fields (having the
correct U(1) charge) appearing in the particular singular term. When the right hand side of
the OPE cannot be written in terms of the known (higher spin) current, then one has a new
primary higher spin current. Then one should check how this higher spin current can fit in
N = 2 multiplet. Using the spin-3
2
currents of the N = 2 superconformal algebra, one should
obtain the other three component higher spin currents.
7For the N = 1 supersymmetric coset model, one of the levels is given by k where k = 1, 2, · · · [25, 26].
See also the relevant works in [27, 28]. For the general coset model with arbitrary levels, see also [29].
8 In the OPE language, the spin is the coefficient of the second-order pole in the OPE between the stress
energy tensor and the higher spin current while the U(1) charge is the coefficient of the first-order pole in the
OPE between the spin-1 current and the higher spin current.
5
In section 2, we review the construction of four currents of N = 2 superconformal algebra
in terms of two adjoint fermions in the coset model (1.1).
In section 3, we construct the lowest four higher spin currents (corresponding to the first
N = 2 multiplet in (1.3)) in terms of two adjoint fermions which are contracted with the f
and d symbols. The package by Thielemans [30] is used all the times.
In section 4, we repeat the procedure of section 3 for the other type of lowest four higher
spin currents (corresponding to the second N = 2 multiplet in (1.3)) whose U(1) charges
opposite to the corresponding higher spin currents obtained in section 3.
In section 5, we describe how we can obtain the higher spin currents beyond the lowest
higher spin currents in sections 3 and 4. The third component higher spin current of N = 2
multiplet in section 3 and the second component higher spin current of N = 2 multiplet in
section 4 generate the first component of higher spin-s current of N = 2 multiplet. The
former increases the U(1) charge of 1
3
while the latter decreases the U(1) charge of 1
3
.
In section 6, we describe the higher spin symmetry algebra between the higher spin currents
obtained in previous sections. We present the OPE between the lowest higher spin-2 current
with U(1) charge 2
3
and the lowest higher spin-2 current with U(1) charge −2
3
for generic N
(or generic central charge c).
In section 7, we consider the lowest four N = 2 higher spin multiplets (in component
approach there are 16 higher spin currents) and their OPEs in N = 2 superspace with the
package by Krivonos and Thielemans [31].
In section 8, we summarize what we obtained in this paper and the future works are given.
In Appendices A,B, · · · , J , some details appeared in previous sections are presented 9.
There are some works [32, 33, 34] related to the coset model and the higher spin theory
with N = 2 supersymmetry can be found in previous works in [35, 36, 37, 38, 39].
2 The four currents of the N = 2 superconformal alge-
bra in the coset model
In this section, the four currents of spins (1, 3
2
, 3
2
, 2) of N = 2 superconformal algebra in the
coset model (1.1) will be obtained. Although they appeared in [2] previously, we present the
construction of those four currents in order to understand how we continue to find the higher
spin currents in next sections.
Let us consider the two kinds of adjoint fermion fields, corresponding to each SU(N)
9 In particular, Appendices H, I and J contain the component OPEs corresponding to the N = 2 OPEs
in the section 7.
6
factor in the coset (1.1), which satisfy the following fundamental OPEs
ψa(z)ψb(w) = − 1
(z − w)
1
2
δab + · · · ,
χa(z)χb(w) = − 1
(z − w)
1
2
δab + · · · , a, b = 1, 2, · · · , (N2 − 1). (2.1)
Here the adjoint indices a, b run over a, b = 1, 2, · · · , (N2 − 1). The normalization −1
2
in
the first-order pole of the OPEs is taken. Due to the fermionic property of these adjoint
fields, there are extra minus signs in the OPE when we interchange the operators. That is,
ψb(w)ψa(z) = −ψa(z)ψb(w) 10. In the right hand side of the OPEs (2.1), there is a symmetric
SU(N) invariant tensor of rank 2 denoted by δab. Of course, there are no singular terms in
the OPE ψa(z)χb(w) = + · · · because they live in different SU(N) factors respectively.
The Kac-Moody spin-1 SU(N) adjoint currents can be defined as the composite of the
adjoint fermion fields with totally antisymmetric structure constant of SU(N). That is,
Ja(z) ≡ fabc ψbψc(z),
Ka(z) ≡ fabc χbχc(z). (2.2)
The indices b and c in the right hand side of (2.2) are summed over the SU(N) adjoint
indices. The normalizations for these spin-1 currents are determined by the defining OPE for
the affine Kac-Moody algebra below 11. The Wick theorem for the composite fields can be
used in order to calculate the singular terms between them [3]. Of course, the combination
between the ψb(z) and χc(w) can provide other type of spin-1 current which will be described
in next sections.
Then the affine Kac-Moody algebra SˆU(N)N ⊕ SˆU(N)N in (1.1) is represented by the
following OPEs
Ja(z) J b(w) = − 1
(z − w)2 N δ
ab +
1
(z − w) f
abc Jc(w) + · · · ,
Ka(z)Kb(w) = − 1
(z − w)2 N δ
ab +
1
(z − w) f
abcKc(w) + · · · . (2.3)
10 Similarly the following relation for the second fermions holds χb(w)χa(z) = −χa(z)χb(w). The OPE
ψb(z)ψa(w) (and the OPE χb(z)χa(w)) can be determined by (2.1) using the standard Taylor expansion [3].
The extra minus sign from this process can combine with the above minus sign and leads to the same right
hand sides of the OPEs in (2.1). In other words, the OPE ψb(z)ψa(w) can be read off from (2.1) by replacing
the index a with the index b and vice versa.
11 The sum of the normal ordered product ψb ψc(z) and the normal ordered product ψc ψb(z) (that is,
the anticommutator {ψb, ψc}(z)) vanishes because there is no w-dependent term in the first-order pole in
(2.1). Then there is no sign change in the above spin-1 current when ψb and ψc are interchanged because the
structure constant is antisymmetric in the indices b and c.
7
The index c in the right hand side of the OPEs (2.3) is summed over the SU(N) adjoint index
c. The second-order pole in (2.3) stands for the level (N,N). It is easy to see how one obtains
the level 2N by adding the two levels N and N 12. There are no singular terms in the OPE
Ja(z)Kb(w) because there is no nontrivial OPE in ψa(z)χb(w) = + · · · as described before.
We would like to construct the four coset currents of N = 2 superconformal algebra in
the coset model. In Appendix (A.1), some useful OPEs are presented.
• Coset spin-1 current
Let us consider the following spin-1 current by taking the composite of the two adjoint
fermionic fields with the SU(N) invariant tensor of rank 2 13
J(z) =
2
3
i δab ψaχb(z) =
2
3
i ψaχa(z). (2.4)
The overall constant can be fixed by calculating the following OPE with the help of (2.1)
J(z) J(w) =
1
(z − w)2
c
3
+ · · · , c = 1
3
(N2 − 1). (2.5)
See also Appendix (B.3) where the 16 OPEs between the four currents of N = 2 supercon-
formal algebra are given. The coset central charge will be discussed later in the context of
stress energy coset spin-2 current. We also used the fact that δaa = N2 − 1.
One can easily check that this coset spin-1 current does not have any singular terms in the
OPE J(z) (Ja +Ka)(w). All the coset (higher spin) currents should satisfy this requirement
[40, 41]. That is,
(Ja +Ka)(z) J(w) = + · · · . (2.6)
The normalization factor 2
3
i in (2.4) does not have any N -dependent factor because the N -
dependent factor is canceled during this calculation. The numerical factor 2
3
will appear as an
U(1) charge of the lowest higher spin-2 current in next section. Note that the U(1) charge of
J(w) is zero because there is no first-order pole in (2.5). See also the footnote 13 with (2.7).
Let us emphasize that one can check the combination (ψa± iχa)(w) has the explicit U(1)
charges. That is,
J(z) (ψa ± iχa)(w) = ± 1
(z − w)
1
3
(ψa ± iχa)(w) + · · · . (2.7)
12 By adding the two OPEs in (2.3), the diagonal affine Kac-Moody algebra SˆU(N)2N in the coset (1.1)
can be obtained as follows: (Ja + Ka)(z) (Jb + Kb)(w) = − 1(z−w)2 2N δab + 1(z−w) fabc (Jc + Kc)(w) + · · ·,
where the trivial OPEs Ja(z)Kb(w) = + · · · and Ka(z)Jb(w) = + · · · are used.
13 One can reepxress this current as J(z) = − 13 (ψa+ iχa)(ψa− iχa)(z). We will observe that the first factor
has U(1) charge 13 while the second factor has U(1) charge − 13 . Then the total U(1) charge of J(w) is zero.
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From (2.7), their U(1) charges are given by ±1
3
respectively. We will see that the higher spin
currents can be written in terms of these two combinations with appropriate f and d symbols
later.
• Coset spin-3
2
current
Let us consider one of the spin-3
2
currents in the N = 2 superconformal algebra. We
obtain the following explicit form for this spin-3
2
current
G+(z) = − 1
6
√
3N
[
ψaJa − 3ψaKa − i χaKa + 3 i χaJa
]
(z). (2.8)
The four terms in (2.8) can be determined by taking the spin-1
2
current and the spin-1 current
in each SU(N) factor in the coset model (1.1) because the spin should be 3
2
. Then how one
can determine the relative coefficients?
One constraint is that this coset spin-3
2
current does not have any singular terms in the
OPE with the diagonal spin-1 current. That is, along the line of (2.6),
(Ja +Ka)(z)G+(w) = + · · · . (2.9)
Furthermore, the OPE between the coset spin-1 current and the coset spin-3
2
current should
satisfy
J(z)G+(w) =
1
(z − w) G
+(w) + · · · , (2.10)
from the definition of N = 2 superconformal algebra. In other words, the coset spin-3
2
current has U(1) charge of +1. See also the second equation of Appendix (B.3). Again from
the explicit expressions in (2.4) and (2.2) together with the coset spin-3
2
current with four
unknown constants, the OPEs can be calculated and the two conditions (2.9) and (2.10) are
used. So far, the relative coefficients can be fixed and the overall factor can be determined
later as the OPE between the two supersymmetry 3
2
currents is obtained. Then we obtain
the expression (2.8) except the normalization factor.
Let us rewrite the above spin-3
2
current as follows
G+(z) = − 1
6
√
3N
fabc (ψa + iχa)(ψb + iχb)(ψc + iχc)(z). (2.11)
First of all, the first and third terms in (2.8) can be seen from (2.11) together with (2.2) and
the other two can be checked easily using the previous properties described before. According
to (2.7), this spin-3
2
current has U(1) charge 1(= 1
3
+ 1
3
+ 1
3
). That is why we put the upper
index + in the spin-3
2
current G+(z).
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• Coset spin-3
2
current
The second coset spin-3
2
current can be determined similarly. We take four independent
terms as before and apply two conditions explained before. It turns out that the second spin-3
2
current is given by
G−(z) = − 1
6
√
3N
[
ψaJa − 3ψaKa + i χaKa − 3 i χaJa
]
(z). (2.12)
Two conditions are given by the regularity condition with the diagonal spin-1 current
(Ja +Ka)(z)G−(w) = + · · · , (2.13)
and the transformation with the coset spin-1 current with definite U(1) charge −1
J(z)G−(w) = − 1
(z − w) G
−(w) + · · · , (2.14)
from the N = 2 superconformal algebra. The U(1) charge of the spin-3
2
current G−(w) is
given by −1 from (2.14). See also the third equation of Appendix (B.3).
Then we are left with the result (2.12) except an overall factor. Similarly, one has the
different description
G−(z) = − 1
6
√
3N
fabc (ψa − iχa)(ψb − iχb)(ψc − iχc)(z). (2.15)
According to (2.7), this spin-3
2
current has U(1) charge −1(= −1
3
− 1
3
− 1
3
). It is straightforward
to check the relation (2.15) from (2.12) as we did for the previous spin-3
2
current. Under the
change of χa(z)→ −χa(z), the current G+(z) goes to the current G−(z) and vice versa.
Furthermore, there exists the nontrivial OPE between two spin-3
2
currents as follows:
G+(z)G−(w) =
1
(z − w)3
c
3
+
1
(z − w)2 J(w) +
1
(z − w)
[
T +
1
2
∂J
]
(w) + · · · . (2.16)
The first-order pole in (2.16) contains the coset spin-2 stress energy tensor which will appear
soon. See also the seventh equation of Appendix (B.3). The highest-order pole is proportional
to the central charge (2.5) and the previous normalizations in the two spin-3
2
currents can be
determined from this singular term. We take the same normalization factor as in (2.8) and
(2.12) 14.
• Coset spin-2 current
14 The combination (G+ + G−)(z) = − 1
3
√
3N
ψa(Ja − 3Ka)(z) is nothing but the N = 1 supersymmetry
current where the level corresponding to the spin-1 currentKa(z) is equal toN [23, 24]. The other combination
(G+ −G−)(z) = i
3
√
3N
χa(Ka − 3Ja)(z) can be analyzed similarly.
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The coset spin-2 current can be obtained from the difference between the sum of each
spin-2 current and diagonal spin-2 current as follows
T (z) = − 1
4N
JaJa(z)− 1
4N
KaKa(z) +
1
6N
(Ja +Ka)(Ja +Ka)(z). (2.17)
The corresponding central charge (from the highest-order pole in the OPE T (z) T (w)) is given
by
c =
1
3
(N2 − 1), N = 3, 4, 5, · · · . (2.18)
One can easily check that this coset spin-2 current satisfies the regular condition with the
diagonal spin-1 current as analyzed in (2.6), (2.9) and (2.13) 15. One can rewrite this spin-2
current as
T (z) =
1
3
(ψa + iχa)∂(ψa − iχa)(z) + 1
2
∂J(z)
+
1
6N
fabcf cde(ψa + iχa)(ψb − iχb)(ψd + iχd)(ψe − iχe)(z), (2.19)
where the spin-1 current J(z) is given by (2.4). According to (2.7), this spin-2 current (2.19)
has U(1) charge 0. The N -dependence appears in the last term.
Therefore, the four currents of N = 2 superconformal algebra are given by (2.4), (2.8),
(2.12) and (2.17). See also Appendix (B.3). The fundamental OPEs between the spin-1
2
currents are given by (2.1) and the corresponding OPEs between the spin-1 currents are
given in (2.3). In next section, based on these four currents, the higher spin currents will be
constructed in the coset model explicitly.
3 The lowest four higher spin currents
In this section, the lowest higher spin currents will be obtained. That is, the first N = 2
higher spin multiplet. Let us introduce the following higher spin current with the spin h and
U(1) charge q as follows:
W (h)q (z). (3.1)
In N = 2 superspace, the N = 2 higher spin super current contains the following four higher
spin currents as usual 16
W(h)q ≡
(
W (h)q , W
(h+ 1
2
)
q+1 , W
(h+ 1
2
)
q−1 , W
(h+1)
q
)
, (3.2)
15 Moreover, the U(1) charge of this coset spin-2 current is zero. For the presence of higher spin currents,
the minimum value of N in (2.18) is 3. For N = 2, the four currents of this section exist and there are no
higher spin currents as described in the introduction.
16We use a boldface notation for the N = 2 super current. We do not use “super” explicitly in the
description of N = 2 super OPE or N = 2 super current.
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where the lowest component higher spin current with spin h and U(1) charge q in (3.2)
corresponds to the one in (3.1). In Appendix B, the N = 2 superspace description for
the N = 2 superconformal algebra is given and some properties between the N = 2 super
primary current and the N = 2 stress energy tensor are described. If one introduces the
N = 2 superspace coordinates, Z = (z, θ, θ¯), then the above becomes the relation given in
Appendix (B.5) 17.
According to the results for the extended vacuum character in [1], there exist the higher
spin currents of spins 2, 2, 7
2
, 7
2
and 4 with U(1) charges 1
3
,−1
3
, 1
6
,−1
6
and 0 respectively 18. It
is straightforward to expresss the following N = 2 higher spin currents by substituting the
spin h and the U(1) charge q into (3.2) as follows:
W
(2)
2
3
≡
(
W
(2)
2
3
, W
( 5
2
)
5
3
, W
( 5
2
)
− 1
3
, W
(3)
2
3
)
,
W
(2)
− 2
3
≡
(
W
(2)
− 2
3
, W
( 5
2
)
1
3
, W
( 5
2
)
− 5
3
, W
(3)
− 2
3
)
,
W
( 7
2
)
1
3
≡
(
W
( 7
2
)
1
3
, W
(4)
4
3
, W
(4)
− 2
3
, W
( 9
2
)
1
3
)
,
W
( 7
2
)
− 1
3
≡
(
W
( 7
2
)
− 1
3
, W
(4)
2
3
, W
(4)
− 4
3
, W
( 9
2
)
− 1
3
)
,
W
(4)
0 ≡
(
W
(4)
0 , W
( 9
2
)
1 , W
( 9
2
)
−1 , W
(5)
0
)
, · · · . (3.3)
The abbreviated higher spin currents in (3.3) will be described later. Each higher spin current
possesses its own spin and U(1) charge. The higher spin currents with same spin have different
U(1) charges. Note that the N = 1 higher spin currents with spins (5
2
, 3), (7
2
, 4), (4, 9
2
), (4, 9
2
),
(9
2
, 5), (11
2
, 6) and (6, 13
2
) in [23, 24] can be seen from the N = 2 version in (3.3).
In this section, we would like to construct the N = 2 higher spin multiplet (or the lowest
four higher spin currents)
W
(2)
2
3
≡
(
W
(2)
2
3
, W
( 5
2
)
5
3
, W
( 5
2
)
− 1
3
, W
(3)
2
3
)
. (3.4)
One can construct the following SU(N) adjoint spin-1 currents by combining the two adjoint
17 In other words, the first element of (3.2) corresponds to the θ, θ¯ independent term, the second element
corresponds to the θ-term, the third element corresponds to the θ¯-term, and the fourth element corresponds
to the θθ¯-term. Then one can assign the U(1) charges for θ and θ¯ as ∓1 respectively and their spins are given
by − 12 .
18 Note that their U(1) charge assignment is different from the U(1) charge in this paper. For example,
their U(1) charge for the spin- 32 currents is given by ± 12 while they are given by ±1 in previous section.
Then the above U(1) charges are changed into 23 ,− 23 , 13 ,− 13 and 0 in this paper. Their currents are given by
W
(2)
2
3
(z), W
(2)
− 2
3
(z), W
( 7
2
)
1
3
(z), W
( 7
2
)
− 1
3
(z) and W
(4)
0 (z) in our notation. See also the equations (2.28) and (2.33)
(and related descriptions) of [1].
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fermions with structure constant f symbol and d symbol as follows:
La(z) ≡ fabc ψbχc(z),
Ma(z) ≡ dabc ψbχc(z). (3.5)
As before, the indices b and c are summed over the SU(N) adjoint indices. Because the two
fermions are independent from each other, one can construct them using the antisymmetric
f symbol and symmetric d symbol. It is easy to see that these are primary under the stress
energy tensor (2.17). One can easily see that under the exchange of ψa(z)↔ χa(z), La(z) goes
to La(z) while Ma(z) goes to −Ma(z). We will use this behavior in many OPEs appearing
in Appendices. These spin-1 currents will appear in the higher spin currents.
Let us introduce the intermediate SU(N) adjoint spin-2 currents with the symmetric d-
symbol as follows:
Qa(z) ≡ dabc J bJc(z),
Ua(z) ≡ dabc J bLc(z),
Sa(z) ≡ dabcKbKc(z),
V a(z) ≡ dabcKbLc(z),
Ra(z) ≡ dabc J bKc(z),
W a(z) ≡ dabc LbLc(z). (3.6)
The currents Qa(z), Sa(z) and Ra(z) also appeared in the N = 1 description in [23, 24].
Among these in (3.6), the currents Ua(z) and V a(z) are not primary and the remaining
currents are primary under the stress energy tensor (2.17) 19.
3.1 Higher spin-2 current
Let us consider the lowest higher spin-2 current W
(2)
2
3
(z) in (3.4). How one can construct
this higher spin current in terms of two kinds of adjoint fermions? One can concentrate on
the particular case with N = 3. Then the two adjoint fermions are characterized by ψa(z)
and χa(z) with a = 1, 2, · · · , 8. Totally one has 16 fermions satisfying the fundamental OPEs
(2.1). Furthermore, there are nonzero f -symbol and d-symbol for the SU(3) group [42]. Then
one can write down the possible spin-2 current by considering all the terms, quartic terms
and quadratic terms with one derivative. Of course, we introduce arbitrary coefficients here.
19 Under the exchange of ψa(z) ↔ χa(z), the following relations hold: Qa(z) ↔ Sa(z), Ua(z) ↔ V a(z),
Ra(z)↔ Ra(z) andW a(z)↔W a(z). In Appendix (A.1), we present some OPEs between the spin-1 currents.
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Now we should determine these arbitrary coefficients explicitly and express this current
with the notation of a singlet under the SU(3). First of all, one has the following relation
coming from the N = 2 condition for the primary. That is, the first equation of Appendix
(B.6) with h = 2 and q = 2
3
. Then one should have, together with (2.4) which consists of
eight terms,
J(z)W
(2)
2
3
(w) =
1
(z − w)
2
3
W
(2)
2
3
(w) + · · · . (3.7)
In general, the right hand side contains the third-order and the second-order poles because
the sum of spins in the left hand side is given by 3. Then many unknown coefficients (the
total number of unknown coefficients is 2006 for the SU(3)) can be fixed at this stage. The
equation of (3.7) is a linear equation among the coefficients because the spin-1 current J(z)
in the left hand side is already known quantity with fixed coefficients. The first-order pole
in (3.7) has explicit numerical factor 2
3
which provides further constraints on the coefficients.
Recall that the U(1) charge of the spin-1 current J(z) is zero.
Furthermore, the following regularity condition should satisfy, as before,
(Ja +Ka)(z)W
(2)
2
3
(w) = + · · · . (3.8)
In general, there are third-order, second-order and first-order singular terms. However, the
constraint (3.8) allows us to insert more conditions on the coefficients. Moreover, the lowest
higher spin-2 current should transform as a primary current under the stress energy tensor
(2.17) described in Appendix (B.6): the fourth equation from the bottom 20. Now we would
like to express this higher spin-2 current for general N from its N = 3 version. We expect
that there should be Ma(z)-term because it contains d symbol in (3.5). One can make any
combinations from the other spin-1 currents, Ja(z), Ka(z), La(z) with Ma(z).
It turns out that the lowest higher spin-2 current is given by
W
(2)
2
3
(z) =
1
2
√
6(N2 − 4)
(
JaMa −KaMa + 2 i LaMa
)
(z). (3.9)
The adjoint index a is summed over a = 1, 2, · · · , (N2 − 1). The normalization here can be
fixed later as one computes the OPE between this higher spin-2 current and other higher spin-
2 current which has opposite U(1) charge. As described before, each SU(N) adjoint spin-1
20 It turns out that one can determine all the coefficients except the overall normalization factor. Explicitly
one obtains W
(2)
2
3
(z) = −ψ1χ1χ4χ5(z) + · · · + ψ8χ6χ7χ8(z) with an overall factor. The number of terms in
W
(2)
2
3
(z) is 182. Note that there are no derivative terms (i.e. no quadratic terms) and only quartic terms
survive.
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current, Ja(z), Ka(z), La(z) and Ma(z) is primary and the OPEs between Ja(z), Ka(z) and
La(z) andMa(w) are regular, each term appearing in (3.9) is primary under the stress energy
tensor (2.17). One can easily see that the U(1) charge of Ma(z) is equal to zero and then the
U(1) charge of (Ja −Ka + 2i La)(z) is given by 2
3
.
One can express this higher spin-2 current as
W
(2)
2
3
(z) =
1
2
√
6(N2 − 4)
i
2
fabcdcde(ψa + iχa)(ψb + iχb)(ψd + iχd)(ψe − iχe)(z), (3.10)
in terms of original adjoint fermions as done in (2.11) and (2.15). According to (2.7), this
higher spin-2 current has U(1) charge 2
3
(= 1
3
+ 1
3
+ 1
3
− 1
3
). Note that the last two factors in
(3.10) can be written as −2i ψdχe(z) which becomes M c(z) with the coefficient i
2
and dcde.
It is obvious to observe the vanishing U(1) charge of M c(z) from the last two factors. Then
the first two factors (of U(1) charge 2
3
) with fabc become (Jc−Kc+2i Lc)(z). One can check
that the diagonal spin-1 current commutes with LaMa(w) and (Ja −Ka)Ma(w) respectively
21.
In next two subsections, the next two higher spin currents can be obtained from the spin-3
2
currents (2.8) and (2.12) and the higher spin-2 current found in this subsection.
3.2 Higher spin-52 current
Now we would like to obtain the other three higher spin currents living in the first N = 2
multiplet of (3.3). The higher spin-5
2
current can be determined by N = 2 supersymmetry.
Recall that the fifth equation of Appendix (B.6) provides the higher spin-5
2
current with
q = 2
3
+ 1 = 5
3
. That is, one should have
G+(z)W
(2)
2
3
(w) = − 1
(z − w)W
( 5
2
)
5
3
(w) + · · · . (3.11)
Not that the U(1) charge of G+(z) is given by 1 and the sum of U(1) charges in the left hand
side is preserved in the right hand side. The spin-3
2
current G+(z) contains four terms in
(2.8) and the higher spin-2 current W
(2)
2
3
(w) contains three terms in (3.9). This implies that
one should calculate twelve OPEs between them. We focus on the first-order poles in these
OPEs in order to extract the higher spin-5
2
current in (3.11). Because the explicit forms for
the left hand side of (3.11) are completely known, we do not have to worry about the overall
21 Under the exchange of ψa(z)↔ χa(z), the first two terms of (3.9) are invariant while the last term has
an extra minus sign. Recall that La(z) does not change but Ma(z) will change into −Ma(z). We will see that
this is exactly the other type of lowest higher spin-2 current W
(2)
− 2
3
(z) in next section.
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factor of the higher spin-5
2
current. The N -dependence for the higher spin-5
2
current arises
automatically. The explicit results at the intermediate step are given in Appendix (C.1).
By simplifying these, one obtains the final higher spin-5
2
current as follows:
W
( 5
2
)
5
3
(z) =
1
6
√
3N
1
2
√
6(N2 − 4)
[
3
2
i dabc ψaJ bJc − 5 dabc ψaJ bLc
+
5
2
i dabc ψaKbKc + 15 dabc ψaKbLc − 5
2
dabc χaJ bJc
− 15 i dabc χaJ bLc − 3
2
dabc χaKbKc + 5 i dabc χaKbLc
]
(z). (3.12)
The N -dependent factors in (3.12) originate from the overall factors of spin-3
2
current and the
higher spin-2 current. Each term of (3.12) is a primary under the stress energy tensor (2.17).
One can express the above using the relations in (3.6) and then this will appear in Appendix
D.
Let us describe how one can obtain the final result in (3.12). In obtaining (3.12), we
should simplify the intermediate results in Appendix C. One has the following relations via
the procedures in [40, 41, 43]
dabc ψaJ bKc(z) = dabcf bdef cfg ψaψdψeχfχg(z),
dabc ψaLbLc(z) = dabcf bdef cfg ψaψdχeψfχg(z)− N
2
∂χaMa(z),
dabc χaJ bKc(z) = dabcf bdef cfg χaψdψeχfχg(z),
dabc χaLbLc(z) = dabcf bdef cfg χaψdχeψfχg(z) +
N
2
∂ψaMa(z). (3.13)
The derivative terms occur in the second and fourth equations in (3.13). One has the following
nontrivial relation (one should show)
dabc ψaJ bKc(z) + 2dabc ψaLbLc(z) = 3dabc χaJ bLc(z)−N ∂χaMa(z). (3.14)
Let us consider the derivative terms in (3.14). The last derivative term in (3.14) comes
from the derivative term of the second term in the left hand side of (3.14) using the second
equation of (3.13). Now we would like to show the nonderivative terms both sides of (3.14).
The nonderivative terms in (3.14) can be checked by Jacobi identity in the f and d symbols.
One way to see this relation is as follows 22. Then we are left with the following relation we
22 The first term of the right hand side of (3.14) is given by the nonderivative terms dabc χaJbLc(z) =
dabcf bdef cfg χaψdψeψfχg(z). Now the left hand side (nonderivative terms) of (3.14) can be written as
(dabcf bdef cfg χaψdψeψfχg − dfacf cbgf bde ψaψdψeχfχg + 2dabcf bdef cfg ψaψdχeψfχg)(z), (3.15)
16
should show
− dfacf cbgf bde ψaψdψeχfχg(z) = −2ddabf bcef cfg χaψdψeψfχg(z), (3.17)
by comparing the nonderivative terms of the left hand side (3.14) given by (3.15)and the
nonderivative terms of the right hand side (3.14) given by (3.16). The left hand side of (3.17)
is the second term of (3.15) while the right hand side of (3.17) is the last term of (3.16). The
remaining terms are canceled each other 23.
Similarly, one obtains the following identity
dabc χaJ bKc(z) + 2dabc χaLbLc(z) = 3dabc ψaKbLc(z) +N ∂ψaMa(z). (3.18)
One can show this identity by following previous procedures. Note that one sees the symmetry
between ψa(z) and χa(z) in (3.14) and (3.18) 24.
In order to express the independent terms in the higher spin-5
2
currents, one uses the
following relations appearing in (3.12)
dabc ψaJ bJc(z) = dabcf bdef cfg ψaψdψeψfψg(z),
dabc ψaJ bLc(z) = −dabcf bdef cfg χfψaψdψeψg(z)−N ∂ψaMa(z),
dabc ψaKbKc(z) = dabcf bdef cfg ψaχdχeχfχg(z)− 2N ∂χaMa(z),
dabc ψaKbLc(z) = dabcf bdef cfg ψaχdχeψfχg(z),
dabc χaJ bJc(z) = −dabcf bdef cfg χfψaψdψeψg(z) + 2N ∂ψaMa(z),
dabc χaJ bLc(z) = dabcf bdef cfg χaψdψeψfχg(z),
dabc χaKbKc(z) = dabcf bdef cfg χaχdχeχfχg(z),
dabc χaKbLc(z) = −dabcf bdef cfg ψfχaχdχeχg(z) +N ∂χaMa(z). (3.19)
where we reexpressed the dabcf cfg as two other terms −dbfcf cag − dfacf cbg and then some rearrangement
between the fermions and relabeling the indices were used [42]. The last term in (3.15) comes from the
nonderivative term in the second relation of (3.13). Now one can rewrite the right hand side (nonderivative
terms) of (3.14) as follows
(dabcf bdef cfg χaψdψeψfχg + 2dabcf bdef cfg ψaψdχeψfχg − 2ddabf bcef cfg χaψdψeψfχg)(z), (3.16)
where the last two terms in (3.16) are equal to the twice of dabcf bdef cfg χaψdψeψfχg(z) by rewriting the
factor dabcf bde with the help of Jacobi identity as before.
23 Then how one can check the above relation (3.17)? Once again by rearrangement of fermions and
relabeling of the indices, one should show that (dfacf cbgf bde + 2ddfbf bcef cag)ψaψdψeχfχg(z) = 0. The left
hand side of this relation can be rewritten as dfac(f cbgf bde − 2f cbef bdg)ψaψdψeχfχg(z). One can use the
Jacobi identity in the first term and obtains 2f cbef bdg exactly. Therefore, we have checked the original relation
in (3.14).
24 In other words, from the previous relation (3.14), one obtains (3.18) by taking ψa(z) ↔ χa(z). There
exists an extra minus sign in the last term of (3.18) as described before.
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There are derivative terms in (3.19). One realizes that the higher spin-5
2
current does not
have any derivative terms because the derivative terms in (3.19) are canceled each other with
relative coefficients in (3.12). Then we are left with the final result in (3.12) 25.
As long as the U(1) charge is concerned, the previous expression (3.12) for the higher
spin-5
2
current is not useful. In manifest way of U(1) charge, one obtains
W
( 5
2
)
5
3
(z) =
1
6
√
3N
1
2
√
6(N2 − 4)
3
2
i
× dabcf bdef cfg(ψa + iχa)(ψd + iχd)(ψe + iχe)(ψf + iχf )(ψg + iχg)(z). (3.21)
One can check that the combination (ψa + iχa)(z) has U(1) charge q = 1
3
from (2.7). It is
obvious that the quintic term in (3.21) contains the U(1) charge q = 5
3
. One can see the
overall factor 3
2
i with vanishing χa(z) in (3.21) can be seen from the first term of (3.12) with
vanishing χa(z). As for spin-1, spin-3
2
, and higher spin-2 currents, the above higher spin-5
2
current has a simple expression contracted with f and d symbols. See also [22] where the
similar f and d symbols appeared in the N = 1 higher spin-5
2
current.
3.3 Higher spin-52 current
Let us consider the second higher spin-5
2
current with U(1) charge q = −1
3
. Again, from the
N = 2 primary condition, one has the following OPE, the ninth equation of Appendix (B.6),
G−(z)W
(2)
2
3
(w) =
1
(z − w)W
( 5
2
)
− 1
3
(w) + · · · . (3.22)
One can easily see the U(1) charge conservation in (3.22) where −1 + 2
3
= −1
3
. From the
explicit expressions (2.12) and (3.9), one can calculate the left hand side completely and focus
on the first-order pole.
25 Furthermore, one has the following expressions which appear in Appendix C
fabc χaKbM c(z) = −N ∂χaMa(z),
fabc ψaJbM c(z) = N ψa∂Ma(z),
fabc χaLbM c(z) = fabcf bdedcfgχaψdχeψfχg(z)− N
2
∂ψaMa(z),
fabc ψaKbM c(z) = fabcf bdedcfgψaχdχeψfχg(z) = −2fabcf bdedcfgχaψdχeψfχg(z),
fabc χaJbM c(z) = fabcf bdedcfgχaψdψeψfχg(z) = −2fabcf bdedcfgψaψdχeψfχg(z),
fabc ψaLbM c(z) = fabcf bdedcfgψaψdχeψfχg(z)− N
2
∂χaMa(z). (3.20)
Also one has trivial result ψaMa(z) = 0 = χaMa(z). From these, one obtains ∂ψaMa(z) = −ψa∂Ma(z)
and similarly ∂χaMa(z) = −χa∂Ma(z). Therefore, via (3.14) and (3.18), the left hand sides of these can be
expressed as the right hand sides which are some independent terms in (3.19) together with derivative terms.
The f symbol-dependent terms appearing in Appendix C can be repexpressed in terms of the right hand sides
of (3.20). The nonderivative terms in (3.20) disappear with appropriate coefficients eventually.
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As done before in Appendix C, all the first-order poles can be read off. Then one obtains
W
( 5
2
)
− 1
3
(z) = − 1
6
√
3N
1
2
√
6(N2 − 4)
[
− 3
2
i dabc ψaJ bJc + dabc ψaJ bLc
− 17
2
i dabc ψaKbKc + 33 dabc ψaKbLc − 5
2
dabc χaJ bJc
− 21 i dabc χaJ bLc − 3
2
dabc χaKbKc + 7 i dabc χaKbLc
+ 18 i dabc ψaJ bKc − 36 dabc χaLbLc
]
(z). (3.23)
Compared to the previous higher spin-5
2
current in (3.12), there are two additional last terms
which are also primary under the stress energy tensor (2.17) respectively.
It turns out that the corresponding higher spin-5
2
current, showing the U(1) charge mani-
festly, is given by
W
( 5
2
)
− 1
3
(z) = − 1
6
√
3N
1
2
√
6(N2 − 4)
[
2i dabcf bdef cfg(ψa − iχa)(ψd + iχd)(ψe − iχe)(ψf + iχf)(ψg − iχg)
− 7
2
i dabcf bdef cfg(ψa − iχa)(ψd + iχd)(ψe + iχe)(ψf − iχf )(ψg − iχg)
− 12Ni dabc∂(ψa − iχa)(ψb + iχb)(ψc − iχc)
]
(z). (3.24)
As analyzed before (2.7), the factors (ψa ± iχa)(z) have the U(1) charges ±1
3
. It is obvious
that the quintic terms in (3.24) contain two positive U(1) charges and three negative charges.
Of course, there are other possibilities where the two positive charges are assigned in different
factors compared to the above expressions but they will lead to the above ones by using the
Jacobi identities between the f and d symbols. In the derivative terms, one can easily see
that there are two negative U(1) charges and one positive one which lead to the negative U(1)
charge q = −1
3
. The numerical factor −3
2
i in the first term in (3.23) can be seen from the
expressions 2i in the first coefficient and −7
2
i in the second coefficient of (3.24). Note that
there are derivative terms having N -dependent coefficient in the above higher spin-5
2
current.
This is obvious from (3.24) rather than (3.23).
3.4 Higher spin-3 current
Let us describe the last component higher spin-3 current appearing in the first N = 2 higher
spin multiplet in (3.3). One way to obtain this higher spin-3 current is coming from the tenth
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equation of Appendix (B.6) 26. Let us consider the following OPE
G−(z)W
( 5
2
)
5
3
(w) = − 1
(z − w)2
5
3
W
(2)
2
3
(w) +
1
(z − w)
[
W
(3)
2
3
− 1
2
∂ W
(2)
2
3
]
(w) + · · · .(3.25)
The U(1) charge is preserved in both sides. Because one has the relations (2.12) and (3.12),
the left hand side can be computed explicitly. The detailed expressions are given in Appendix
D. Due to the analysis of the coefficient of the descendant field (appearing in the first-
order pole) of the higher spin-2 current, one should have −5
3
× 1
4
= − 5
12
in the coefficient
of ∂ W
(2)
2
3
(w). Recall that the factor 1
4
was obtained from the spins of G−(z), W
( 5
2
)
5
3
(w) and
W
(2)
2
3
(w). Therefore, one can add this quantity to the first-order pole and subtract the same
quantity. Then the new higher spin-3 current can be written as the sum of W
(3)
2
3
(w) and
( 5
12
− 1
2
= − 1
12
)∂ W
(2)
2
3
(w) in (3.25).
The higher spin-3 current, which is a primary, can be obtained as follows
W
(3)
2
3
− 1
12
∂ W
(2)
2
3
= − 1
108N
1
2
√
6(N2 − 4)
[
− 15 i dabc JaJ bJc + 90 i dabc JaJ bKc
− 90 i dabc JaKbKc − 360 dabc JaKbLc + 15 i dabcKaKbKc
− 45
2
N ∂JaMa +
45
2
N ∂KaMa − 225N dabc ψa∂ψbLc (3.26)
− 225N dabc χa∂χbLc + 315N dabc ∂ψaχbKc − 315N dabc ψa∂χbJc
]
.
There are several pairs of terms where the coefficients are equal up to the signs. The first, sec-
ond, third, fifth terms in (3.26) are primary under the stress energy tensor (2.17) respectively.
Recall that W
(3)
2
3
(z), where the U(1) charge is nonzero, is not a primary under the stress
energy tensor according to the last equation of Appendix (B.6). See also Appendix (B.7)
and Appendix (B.8). The various identities appearing in Appendix (D.2) are used frequently.
Note that there are N -dependent coefficients in the derivative terms in (3.26).
One can also express the above higher spin-3 current in U(1) manifest way as follows:
W
(3)
2
3
(z)− 1
12
∂ W
(2)
2
3
(z) = − 1
108N
1
2
√
6(N2 − 4)
[
−45
2
i dabcfadef bfgf chi(ψd + iχd)(ψe + iχe)(ψf + iχf )(ψg + iχg)(ψh − iχh)(ψi − iχi)
−45i N fabcdcde∂(ψa + iχa)(ψb + iχb)(ψd + iχd)(ψe − iχe)
−45
2
i N fabcdcde(ψa + iχa)(ψb + iχb)∂(ψd + iχd)(ψe − iχe)
+
135
2
i N fabcdcde(ψa + iχa)(ψb + iχb)(ψd + iχd)∂(ψe − iχe)
]
(z). (3.27)
26 The seventh equation of Appendix (B.6) allows us to calculate the higher spin-3 current.
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Now it is easy to see that the sextic (nonderivative) terms in (3.27) have four U(1) charges
with q = 1
3
and two ones with q = −1
3
, leading to the total U(1) charge of q = 2
3
(2.7).
For the derivative terms, the derivative acts on each factor appearing in the higher spin-2
current. The relative coefficients are different from each other. The derivative term acting on
the (ψb + iχb) is not independent term and can be absorbed in the second line of (3.27). Of
course, the higher spin-3 current, W
(3)
2
3
(z), which is not a primary, can be written explicitly
by using (3.26) or (3.27) with the help of the higher spin-2 current (3.9) or (3.10).
Therefore, in this section, the four higher spin currents appearing in the first N = 2
multiplet in (3.3) are determined completely. There are either (3.9), (3.12), (3.23) and (3.26)
or (3.10), (3.21), (3.24) and (3.27) in terms of two adjoint fermions. The derivative terms
appear in the higher spin currents W
( 5
2
)
− 1
3
(z) and W
(3)
2
3
(z).
4 The other lowest four higher spin currents
In this section, the other lowest higher spin currents in the second higher spin N = 2 multiplet
in (3.3) will be obtained by following the procedures in previous section.
4.1 Higher spin-2 current
By substituting q = −2
3
with h = 2 into the first equation of Appendix (B.6), one obtains
J(z)W
(2)
− 2
3
(w) = − 1
(z − w)
2
3
W
(2)
− 2
3
(w) + · · · . (4.1)
As done in the higher spin-2 current with q = 2
3
, one can take the same ansatz for all
the possible terms having the spin-2 (quartic terms and quadratic terms) with arbitrary
coefficients which will be determined later. Due to the minus sign in the right hand side
of (4.1), in general, one has different relations between these coefficients compared to the
previous section. One also has the regularity condition as follows:
(Ja +Ka)(z)W
(2)
− 2
3
(w) = + · · · . (4.2)
Then one obtains the following higher spin-2 current, satisfying (4.1) and (4.2),
W
(2)
− 2
3
(z) =
1
2
√
6(N2 − 4)
(
JaMa −KaMa − 2 i LaMa
)
(z). (4.3)
This looks similar to the previous higher spin-2 current with q = 2
3
. The only difference
appears in the coefficient in the last term of (4.3). As observed previously, the Ma(z) has
21
U(1) charge zero. Then the combination (Ja−Ka−2 i La)(z) should have U(1) charge q = −2
3
which can be checked explicitly.
One can express this higher spin-2 current as
W
(2)
− 2
3
(z) = − 1
2
√
6(N2 − 4)
i
2
fabcdcde(ψa − iχa)(ψb − iχb)(ψd − iχd)(ψe + iχe)(z), (4.4)
in terms of original adjoint fermions. By exchanging ψa(z) ↔ χa(z), the previous result
(3.10) leads to (4.4). Under this transformation, one has (ψa ± iχa)(z) → ±i(ψa ∓ iχa)(z).
According to (2.7), this higher spin-2 current has U(1) charge −2
3
(= −1
3
− 1
3
− 1
3
+ 1
3
). Note
that the last two factors in (4.4) can be written as 2i ψdχe(z) which becomes M c(z) with the
coefficient − i
2
and dcde. It is obvious to observe the vanishing U(1) charge of M c(z) from the
last two factors as before. Then the first two factors (of U(1) charge −2
3
) with fabc become
(Jc −Kc − 2i Lc)(z).
4.2 Higher spin-52 current
Let us move on the second component higher spin-5
2
current in the second N = 2 higher spin
multiplet in (3.3). Again, from the defining equation of the fifth equation in Appendix (B.6)
by substituting h = 2 and q = −2
3
, one obtains
G+(z)W
(2)
− 2
3
(w) = − 1
(z − w)W
( 5
2
)
1
3
(w) + · · · . (4.5)
One can calculate the left hand side of (4.5) with (2.8) and (4.3) or (4.4) and focus on the
first-order pole. From Appendix C, one can collect the corresponding expressions.
It turns out that the corresponding higher spin-5
2
current is given by
W
( 5
2
)
1
3
(z) =
1
6
√
3N
1
2
√
6(N2 − 4)
[
3
2
i dabc ψaJ bJc + dabc ψaJ bLc
+
17
2
i dabc ψaKbKc + 33 dabc ψaKbLc − 5
2
dabc χaJ bJc
+ 21 i dabc χaJ bLc − 3
2
dabc χaKbKc − 7 i dabc χaKbLc
− 18 i dabc ψaJ bKc − 36 dabc χaLbLc
]
(z). (4.6)
Now this (4.6) looks similar to the previous higher spin-5
2
current (3.23) with q = −1
3
. Only
the signs of the numerical coefficients are different.
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Furthermore, one can reexpress the above higher spin-5
2
current in terms of the original
adjoint fermions as follows:
W
( 5
2
)
1
3
(z) =
1
6
√
3N
1
2
√
6(N2 − 4)
[
− 2i dabcf bdef cfg(ψa + iχa)(ψd − iχd)(ψe + iχe)(ψf − iχf )(ψg + iχg)
+
7
2
i dabcf bdef cfg(ψa + iχa)(ψd − iχd)(ψe − iχe)(ψf + iχf )(ψg + iχg)
+ 12Ni dabc∂(ψa + iχa)(ψb − iχb)(ψc + iχc)
]
(z). (4.7)
Under the transformation ψa(z) ↔ χa(z), the previous higher spin-5
2
current with q = −1
3
(3.24) goes to (4.7) with an exception of overall factor −i. One can check the U(1) charge of
this higher spin-5
2
current using (2.7).
4.3 Higher spin-52 current
The ninth equation of Appendix (B.6) with h = 2 and q = −2
3
implies the following OPE
G−(z)W
(2)
− 2
3
(w) =
1
(z − w)W
( 5
2
)
− 5
3
(w) + · · · . (4.8)
Then as we did before, by calculating the left hand side, one obtains the explicit form for the
higher spin-5
2
current with q = −5
3
. From the explicit forms in (2.12) and (4.3), the complete
structures in the first-order pole are determined and the details are again in Appendix C.
Therefore, one obtains, by reading off the first-order pole in (4.8),
W
( 5
2
)
− 5
3
(z) = − 1
6
√
3N
1
2
√
6(N2 − 4)
[
− 3
2
i dabc ψaJ bJc − 5 dabc ψaJ bLc
− 5
2
i dabc ψaKbKc + 15 dabc ψaKbLc − 5
2
dabc χaJ bJc
+ 15 i dabc χaJ bLc − 3
2
dabc χaKbKc − 5 i dabc χaKbLc
]
(z). (4.9)
In this case, the field contents are the same as the ones in (3.12). The signs of the numerical
factors are different. As in previous cases, one can rewrite (4.9) as
W
( 5
2
)
− 5
3
(z) =
1
6
√
3N
1
2
√
6(N2 − 4)
3
2
i
× dabcf bdef cfg(ψa − iχa)(ψd − iχd)(ψe − iχe)(ψf − iχf )(ψg − iχg)(z). (4.10)
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One obtains (4.10) by taking the transformation ψa(z)↔ χa(z) on (3.21) except of an overall
factor i. One can check the U(1) charge of this higher spin-5
2
current using (2.7). The above
higher spin-5
2
current has very simple form contracted with f and d symbols 27.
4.4 Higher spin-3 current
The seventh equation of Appendix (B.6) with h = 2 and q = −2
3
implies
G+(z)W
( 5
2
)
− 5
3
(w) =
1
(z − w)2
5
3
W
(2)
− 2
3
(w) +
1
(z − w)
[
W
(3)
− 2
3
(z) +
1
2
∂ W
(2)
− 2
3
]
(w)
+ · · · . (4.11)
The corresponding coefficient of the descendant field ∂ W
(2)
− 2
3
(w) in the first-order pole of (4.11)
is equal to 5
3
× 1
4
= 5
12
. Then by subtracting 5
12
and adding 1
2
(− 5
12
+ 1
2
= 1
12
), one can obtain
the new higher spin-3 current, which is a primary, as follows:
W
(3)
− 2
3
+
1
12
∂ W
(2)
− 2
3
= − 1
108N
1
2
√
6(N2 − 4)
[
− 15 i dabc JaJ bJc + 90 i dabc JaJ bKc
− 90 i dabc JaKbKc + 360 dabc JaKbLc + 15 i dabcKaKbKc
+
45
2
N ∂JaMa − 45
2
N ∂KaMa + 225N dabc ψa∂ψbLc (4.12)
+ 225N dabc χa∂χbLc − 315N dabc ∂ψaχbKc + 315N dabc ψa∂χbJc
]
.
See also Appendix (B.8). One realizes that the field contents of (4.12) are the same as the
ones in (3.26). The signs of the numerical coefficients are different from each other.
Furthermore, the U(1) manifest way to describe this higher spin-3 current can be written
as
W
(3)
− 2
3
(z) +
1
12
∂ W
(2)
− 2
3
(z) = − 1
108N
1
2
√
6(N2 − 4)
[
−45
2
i dabcfadef bfgf chi(ψd − iχd)(ψe − iχe)(ψf − iχf )(ψg − iχg)(ψh + iχh)(ψi + iχi)
−45i N fabcdcde∂(ψa − iχa)(ψb − iχb)(ψd − iχd)(ψe + iχe)
−45
2
i N fabcdcde(ψa − iχa)(ψb − iχb)∂(ψd − iχd)(ψe + iχe)
+
135
2
i N fabcdcde(ψa − iχa)(ψb − iχb)(ψd − iχd)∂(ψe + iχe)
]
(z). (4.13)
27One can construct the following combination (75W
( 5
2
)
5
3
+ 75W
( 5
2
)
− 5
3
+W
( 5
2
)
− 1
3
+W
( 5
2
)
1
3
)(z) which is proportional
to dabc(3ψaJbJc − 15ψaJbKc+10ψaKbKc)(z). This is exactly the higher spin- 52 current of N = 1 version in
[23, 24]. The relative coefficient 75 removes the terms of d
abcχaJbLc(z) and dabcχaKbLc(z).
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One can also write down the higher spin-3 currentW
(3)
− 2
3
(z) from (4.13) by writing the derivative
terms of the higher spin-2 current. One can check the U(1) charge of this higher spin-3 current
using (2.7) 28.
Therefore, in this section, the four higher spin currents appearing in the second N = 2
multiplet in (3.3) are determined explicitly. They are given by (4.3), (4.6), (4.9) and (4.12).
5 The next higher spin currents
So far, the two higher spin N = 2 multiplets in (3.3) are obtained in previous sections. The
next question is how one can determine the next higher spin N = 2 multiplet. First of
all, because one can calculate the following OPE between the first component and the third
component of the first N = 2 higher spin multiplet (3.3),
W
(2)
2
3
(z)W
( 5
2
)
− 1
3
(w), (5.1)
for N = 3, one can examine the right hand side of this OPE (5.1). It turns out that one
obtains the following new higher spin-7
2
current with q = 1
3
at the first-order pole in (5.1) as
follows:
W
( 7
2
)
1
3
(z). (5.2)
In other words, one observes the multiple product of two adjoint fermions with possible deriva-
tives at the first-order pole of (5.1) and these cannot be written in terms of any combinations
of previously known (higher spin) currents found so far. Then it is straightforward to ob-
tain the other three component currents living in the third N = 2 multiplet in (3.3) using
the spin-3
2
currents of N = 2 superconformal algebra, as done in sections 3 and 4. See also
Appendix (H .1).
Now one can consider the following OPE between the first component and the second
component of the second N = 2 higher spin multiplet in (3.3),
W
(2)
− 2
3
(z)W
( 5
2
)
1
3
(w) (5.3)
in order to see the other higher spin-7
2
current with q = −1
3
. In this case, the first-order pole
of (5.3) provides the following higher spin-7
2
current for N = 3
W
( 7
2
)
− 1
3
(z), (5.4)
28One can add the two expressions (3.26) and (4.12). Then this is proportional to the following result
dabc(JaJbJc − 6JaJbKc + 6JaKbKc −KaKbKc)(z) which is nothing but the higher spin-3 current with the
condition k = N in the N = 1 version in [23, 24].
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which has opposite U(1) charge to the previous one (5.2). Then again, from the N = 2
supersymmetry, one obtains the other three higher spin currents belonging to the fourth
N = 2 multiplet (3.3) from (5.4) 29. See also Appendix (H.3).
We generalize the N = 2 multiplets in (3.3) to the higher spin case as follows (See also
Appendix (B.5)):
W
(2)
2
3
≡
(
W
(2)
2
3
, W
( 5
2
)
5
3
, W
( 5
2
)
− 1
3
, W
(3)
2
3
)
,
W
(2)
− 2
3
≡
(
W
(2)
− 2
3
, W
( 5
2
)
1
3
, W
( 5
2
)
− 5
3
, W
(3)
− 2
3
)
,
W
( 7
2
)
1
3
≡
(
W
( 7
2
)
1
3
, W
(4)
4
3
, W
(4)
− 2
3
, W
( 9
2
)
1
3
)
,
W
( 7
2
)
− 1
3
≡
(
W
( 7
2
)
− 1
3
, W
(4)
2
3
, W
(4)
− 4
3
, W
( 9
2
)
− 1
3
)
,
W
(4)
0 ≡
(
W
(4)
0 , W
( 9
2
)
1 , W
( 9
2
)
−1 , W
(5)
0
)
,
W
( 11
2
)
− 1
3
≡
(
W
( 11
2
)
− 1
3
, W
(6)
2
3
, W
(6)
− 4
3
, W
( 13
2
)
− 1
3
)
,
W
( 11
2
)
1
3
≡
(
W
( 11
2
)
1
3
, W
(6)
4
3
, W
(6)
− 2
3
, W
( 13
2
)
1
3
)
,
W
(6)
− 2
3
≡
(
W
(6)
− 2
3
, W
( 13
2
)
1
3
, W
( 13
2
)
− 5
3
, W
(7)
− 2
3
)
,
W
(6)
2
3
≡
(
W
(6)
2
3
, W
( 13
2
)
5
3
, W
( 13
2
)
− 1
3
, W
(7)
2
3
)
,
...
W
(2n− 1
2
)
− 2n
3
+ 5
3
≡
(
W
(2n− 1
2
)
− 2n
3
+ 5
3
, W
(2n)
− 2n
3
+ 8
3
, W
(2n)
− 2n
3
+ 2
3
, W
(2n+ 1
2
)
− 2n
3
+ 5
3
)
,
W
(2n− 1
2
)
2n
3
− 5
3
≡
(
W
(2n− 1
2
)
2n
3
− 5
3
, W
(2n)
2n
3
− 2
3
, W
(2n)
2n
3
− 8
3
, W
(2n+ 1
2
)
2n
3
− 5
3
)
,
W
(2n)
− 2n
3
+ 4
3
≡
(
W
(2n)
− 2n
3
+ 4
3
, W
(2n+ 1
2
)
− 2n
3
+ 7
3
, W
(2n+ 1
2
)
− 2n
3
+ 1
3
, W
(2n+1)
− 2n
3
+ 4
3
)
,
W
(2n)
2n
3
− 4
3
≡
(
W
(2n)
2n
3
− 4
3
, W
(2n+ 1
2
)
2n
3
− 1
3
, W
(2n+ 1
2
)
2n
3
− 7
3
, W
(2n+1)
2n
3
− 4
3
)
,
... (5.5)
Then how one can obtain the next higher spin-4 current W
(4)
0 (z) living in the lowest
component current in the fifth N = 2 multiplet in (5.5)? One way to obtain this higher spin
current is to calculate the OPE W
( 5
2
)
− 1
3
(z)W
( 7
2
)
1
3
(w) between the third component in the first
N = 2 multiplet and the first component in the third N = 2 multiplet. It turns out that the
second-order pole of this OPE leads to the above higher spin-4 current W
(4)
0 (w) belonging
29In Appendix E, we present some details for the construction of higher spin- 72 currents. We can obtain
the final forms for these higher spin- 72 currents via the simplifications of the normal ordered products.
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to the fifth N = 2 multiplet for N = 3. The remaining three higher spin currents living in
the fifth N = 2 multiplet can be obtained from the N = 2 supersymmetry on this N = 2
multiplet as done in sections 3 and 4. See also Appendix (I.1).
We can further analyze the next higher spin-11
2
current W
( 11
2
)
− 1
3
(z) living in the lowest
component current in the sixth N = 2 multiplet in (5.5) 30. In this case, we expect that
the OPE W
( 5
2
)
− 1
3
(z)W
(4)
0 (w) will allow us to obtain this higher spin current because the U(1)
charge of the left hand side of this OPE gives the correct q = −1
3
. Due to the spin counting,
the first-order pole can have this higher spin-11
2
current with q = −1
3
. What happens for
the higher spin-11
2
current W
( 11
2
)
1
3
(z) in the lowest component current in the seventh N = 2
multiplet in (5.5)? Similarly, we expect that the OPE W
( 5
2
)
1
3
(z)W
(4)
0 (w) can allow us to obtain
this higher spin current because the U(1) charge of the left hand side of this OPE provides
the correct q = 1
3
31.
Let us focus on the last fourN = 2 multiplets in (5.5). One obtains the higher spin current
W
(2n)
− 2n
3
+ 4
3
(w) from the second-order pole in the OPE W
( 5
2
)
− 1
3
(z)W
(2n− 1
2
)
− 2n
3
+ 5
3
(w). The U(1) charge
and spin countings give this result. Similarly, one obtains the higher spin current W
(2n)
2n
3
− 4
3
(w)
from the second-order pole in the OPE W
( 5
2
)
1
3
(z)W
(2n− 1
2
)
2n
3
− 5
3
(w). Furthermore, one obtains the
higher spin current W
(2n− 1
2
)
− 2n
3
+ 5
3
(w) from the first-order pole in the OPE W
( 5
2
)
− 1
3
(z)W
(2n−2)
− 2n
3
+2
(w).
Similarly, one obtains the higher spin current W
(2n− 1
2
)
2n
3
− 5
3
(w) from the first-order pole in the
OPE W
( 5
2
)
1
3
(z)W
(2n−2)
2n
3
−2
(w). The second, third and fourth components higher spin currents can
be obtained from the N = 2 supersymmetry on the (determined) lowest higher spin current
described before.
Therefore, one can generate the new higher spin currents living in the lowest component
higher spin currents of N = 2 multiplets in (5.5) by using the two higher spin-5
2
currents
W
( 5
2
)
∓ 1
3
(z) together with the known higher spin currents systematically.
30For N = 3, we have determined the first five N = 2 higher spin currents in (5.5).
31 Then the two higher spin currents of W
( 5
2
)
∓ 1
3
(z) living in the first and second N = 2 multiplet of (3.3) play
the role of the “generators” of the new higher spin currents with the known higher spin currents. In order to
obtain the higher spin current W
(6)
− 2
3
(w), one can consider the the OPE W
( 5
2
)
− 1
3
(z)W
( 11
2
)
− 1
3
(w) and focus on the
second-order pole. For the higher spin current W
(6)
2
3
(w), we expect that the second-order pole in the OPE
W
( 5
2
)
1
3
(z)W
( 11
2
)
1
3
(w) will provide the right structure on the higher spin current.
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6 The OPEs between the higher spin currents
In order to obtain the higher spin symmetry algebra between the higher spin currents, we
should calculate the OPEs between the higher spin currents. In this section, we present the
OPE between the higher spin-2 currents living in the first components of first and second
N = 2 multiplets in (3.3).
There exist the trivial OPEs W
(2)
2
3
(z)W
(2)
2
3
(w) = + · · · and W (2)2
3
(z)W
( 5
2
)
5
3
(w) = + · · · for
N = 3. The regularity of these OPEs can be checked by the counting of spin and U(1) charge
32. The next OPE W
(2)
2
3
(z)W
( 5
2
)
− 1
3
(w) has nontrivial OPE and the new higher spin-7
2
current
W
( 7
2
)
1
3
(w) can be found at the first-order pole, as observed in previous section. One sees that
the first-order pole of next OPE W
(2)
2
3
(z)W
(3)
2
3
(w) gives the higher spin-4 current W
(4)
4
3
(w)
which is the second component of the third N = 2 higher spin multiplet. See also Appendix
(H.1).
One can continue to calculate the remaining six OPEs between the lowest higher spin
currents in the first N = 2 multiplet. The OPE W (
5
2
)
5
3
(z)W
( 5
2
)
5
3
(w) does not have any singular
terms for N = 3 and the first-order pole of the OPE W
( 5
2
)
5
3
(z)W
( 5
2
)
− 1
3
(w) leads to the higher
spin-4 current W
(4)
4
3
(w) appeared as above for N = 3. The next OPE W
( 5
2
)
5
3
(z)W
(3)
2
3
(w) does
not give any singular terms 33.
The next OPEs we can consider are the ones between the first and second N = 2 multiplets
in (3.3). Then let us calculate the OPE W
(2)
2
3
(z)W
(2)
− 2
3
(w). Note that this OPE has zero U(1)
charge q = 0. The sum of spins in the left hand side is given by four. Then the right hand
of this OPE can start with the fourth-order pole where the central charge term can appear.
32 First of all we classify the possible composite fields for given spin. Then we should check whether these
will satisfy the definite U(1) charge. For example, for the former, the possible spin in the right hand side is
given by 0, 1, 2 and 3. Then the composite fields should have the U(1) charge as 43 . For the spin-1 current,
one has J(w). For the spin-2 current, one has JJ(w), ∂J(w), T (w),W
(2)
2
3
(w) and W
(2)
− 2
3
(w). Similarly for the
spin-3 current, one has JJJ(w), ∂JJ(w), ∂2J(w), JT (w), G−G+, ∂T (w), JW (2)2
3
(w), JW
(2)
− 2
3
(w), ∂W
(2)
2
3
(w)
and ∂W
(2)
− 2
3
(w). Then, one sees that there is no possible composite field having the U(1) charge 43 .
33 For the remaining three OPEs, one can analyze further. The first-order pole of the OPEW
( 5
2
)
− 1
3
(z)W
( 5
2
)
− 1
3
(w)
gives the higher spin currentW
(4)
− 2
3
(w) which is the third component of the third N = 2 multiplet in (3.3). The
next OPE W
( 5
2
)
− 1
3
(z)W
(3)
2
3
(w) contains the information on the two higher spin currents, W
( 7
2
)
1
3
(w) and W
( 9
2
)
1
3
(w)
corresponding to the first and the last components of the third N = 2 multiplet in (3.3). The former appear
in the second-order pole while the latter appears in the first-order pole. Therefore, the presence of third
N = 2 multiplet in (3.3) can be seen from the above fifteen OPEs considered so far. Now one can calculate
the last OPE W
(3)
2
3
(z)W
(3)
2
3
(w) and the second-order pole provides the higher spin current W
(4)
4
3
(w) which is
the second component of the third N = 2 multiplet. See also Appendix (H.1).
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The other singular term can appear in general. One should determine the possible composite
fields with correct spin and U(1) charge at the specific pole. The third-order pole contains
the spin-1 field with q = 0. The second-order pole has the spin-2 field with vanishing U(1)
charge and the first-order pole possesses the spin-3 field where the U(1) charge is zero. Recall
that the N = 2 superconformal algebra currents have their spins and U(1) charges as follows:
(10,
3
2+
, 3
2−
, 20) from Appendix (B.2).
The normalization we take here is that the fourth-order pole is given by c
2
. Some of the
singular terms for this OPE are presented in Appendix F . The fourth-order pole contribution
comes from the OPEs JaMa(z) J bM b(w), KaMa(z)KbM b(w), and LaMa(z)LbM b(w). We
can introduce the same normalization factor for the higher spin-2 currents. Then the choice
in (3.9) and (4.3) together with the results in Appendix F gives the correct c
2
.
Now let us move on the third-order pole. According to the results in Appendix F ,
the third-order pole can appear in the OPEs JaMa(z)LbM b(w) and KaMa(z)LbM b(w)(and
LaMa(z) J bM b(w) and LaMa(z)KbM b(w)). By calculating the third-order poles with correct
coefficients, one realizes that the third-order pole is given by J(w).
The next second-order pole can be analyzed similarly. Again from Appendix F , the
second-order poles can appear in all possible nine terms. We should express them in terms
of the currents of N = 2 superconformal algebra. The higher spin currents are given in (3.3)
with the spins and U(1) charges. One can easily check that the only possible spin-2 current
with vanishing U(1) charge consists of the currents of N = 2 superconformal algebra without
any higher spin currents. One can check that the following identities are useful to simplify
the OPEs
MaMa(w) = −1
2
JaKa(w)− 4
N
ψaψbχbχa(w) +
(N2 − 2)
4N2
JaJa(w) +
(N2 − 2)
4N2
KaKa(w),
LaLa(w) = −1
2
JaKa(w) +
1
4
KaKa(w) +
1
4
JaJa(w),
JJ(w) = −4
9
(
ψaχaψbχb +
1
8N
KaKa +
1
8N
JaJa
)
(w). (6.1)
In principle, we can also analyze the first-order pole. In this case, the spin of the composite
field with vanishing U(1) charge is given by three. Then one should rewrite all the first-order
pole in terms of fully normal ordered product [40, 41] in order to express in terms of the
known spin-3 field consisting of the currents of the N = 2 superconformal algebra.
It turns out that the OPE between the lowest higher spin-2 current with q = 2
3
and the
lowest higher spin-2 current with q = −2
3
is given by
W
(2)
2
3
(z)W
(2)
− 2
3
(w) =
1
(z − w)4
c
2
+
1
(z − w)3 J(w)
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+
1
(z − w)2
[
− 2
(c− 1) JJ +
1
2
∂J +
2(3c− 1)
3(c− 1) T
]
(w)
+
1
(z − w)
1
(c− 1)(c+ 6)(2c− 3)
[
1
3
(3c+ 8)(8c+ 9) JT
− 1
3
(32c+ 127) JJJ
− (c2 − 36c+ 8)G−G+ + 1
6
(12c3 + 53c2 − 234c+ 60) ∂T
+
1
6
(c+ 2)(2c2 + 2c+ 5) ∂2J − 2(c+ 6)(2c− 3) ∂JJ
]
(w) + · · · .(6.2)
We use the relations (6.1). In the large c limit (or large N limit), all the nonlinear terms
in (6.2) disappear. Furthermore, one can analyze the 1
c
- and 1
c2
-terms [44]. Compared to
the N = 2 W3 algebra [45] where one of the OPEs is given by the spin-2 current and itself,
the additional field contents in (6.2) arise in the right hand side. That is, the central term,
JJ(w), T (w), ∂JJ(w) and ∂T (w) terms in (6.2) appeared in [45, 46]. Let us emphasize that
the above OPE is given by two different currents although their spins are the same but the
U(1) charges are different. Therefore, the nonderivative terms in the third and first-order
poles can appear in the above OPE in general. Furthermore, we expect that there should be
the descendant fields ∂J(w) and ∂2J(w) in the second and first-order poles. Due to the U(1)
charge conservation, either W
(2)
2
3
(w) or W
(2)
− 2
3
(w) cannot appear in the second-order pole. One
can reexpress the first-order pole as the sum of (quasi) primary fields and other descendant
fields, as usual 34.
One can repeat the remaining fifteen OPEs in the two N = 2 lowest higher spin currents.
It is rather nontrivial and complicated to complete these OPEs for generic N . For N = 3, the
explicit forms in (3.3) are determined completely. The question is how to generalize them for
generic N . In order to obtain the higher spin current algebra, the Jacobi identity method in
next section will be used.
7 The OPEs between the higher spin currents in N = 2
superspace
In this section, by using the package by Krivonos and Thielemans [31], some OPEs of the
higher spin currents are determined in the N = 2 superspace. That is, the ten OPEs between
the first four N = 2 higher spin multiplets in (3.3).
34 One can check that JJ(w), T (w), JT (w), and JJJ(w) are quasi primary fields.
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7.1 The OPEs between the higher spin-2 currents W
(2)
± 23 (Z)
Let us consider the OPE between W
(2)
2
3
(Z1) and W
(2)
2
3
(Z2). That is, the OPE between the
first N = 2 multiplet and itself in (3.3). The corresponding component results for N = 3 are
obtained from section 6. Now one can introduce the arbitrary coefficients in the right hand
side of the OPE. Inside of the package [31], one introduces the OPE in Appendix (B.1), the
OPEs in Appendix (B.4) for W
(2)
2
3
(Z2) and W
( 7
2
)
1
3
(Z2) which is an N = 2 extension of the
W
( 7
2
)
1
3
(w). Then one can write down W
(2)
2
3
(Z1)W
(2)
2
3
(Z2) with arbitrary coefficients.
By using the Jacobi identity 35 between the three (higher spin) currents (T,W
(2)
2
3
,W
(2)
2
3
),
we obtain the following result
W
(2)
2
3
(Z1)W
(2)
2
3
(Z2) = C
( 7
2
)+
(2) (2)
(
θ¯12
z12
W
( 7
2
)
1
3
(Z2)− θ12 θ¯12
z12
1
2
DW
( 7
2
)
1
3
(Z2)
)
+ · · · . (7.1)
At this level, the unknown structure constant appearing in the first term of (7.1) is present
36. See also Appendix (H.1) where the component results are given.
The next is the OPE between the higher spin-2 current with q = 2
3
and the higher spin-2
current with q = −2
3
. That is, W
(2)
2
3
(Z1)W
(2)
− 2
3
(Z2). From the component results in section 6,
one expects that the right hand side of this OPE can consist of the composite fields between
the currents of the N = 2 superconformal algebra. The nontrivial thing is to write down the
right hand side with arbitrary coefficients. In order to obtain the consistent solution for the
Jacobi identity, it is necessary to write down all the possible terms in the right hand side.
Otherwise, the outcome for the Jacobi identity will give us the inconsistent solutions. Of
course, the OPE in Appendix (B.4) for W
(2)
− 2
3
(Z2) should be included inside the package.
After using the Jacobi identity between the three (higher spin) currents (T,W
(2)
2
3
,W
(2)
− 2
3
),
one obtains the following OPE
W
(2)
2
3
(Z1)W
(2)
− 2
3
(Z2) = −θ12 θ¯12
z512
c
6
+
1
z412
c
2
+
θ12 θ¯12
z412
8
3
T(Z2) +
1
z312
T(Z2)− θ12
z312
5
2
DT(Z2)
+
θ¯12
z312
7
2
DT(Z2) +
θ12 θ¯12
z312
1
(c− 1)
[
1
18
(3c+ 34) [D,D]T+
37
6
TT+
17
6
(c− 1) ∂T
]
(Z2)
+
1
z212
1
(c− 1)
[
−1
3
(3c− 1) [D,D]T− 2TT+ 1
2
(c− 1) ∂T
]
(Z2)
35The outcome of OPEJacobi is a double list of operators [47]. The higher spin currents with large spin
appear in the beginning of this list while the higher spin currents with small spin appear at the end of this
list. It is better to analyze the elements at the end of the list first.
36 Recall that the U(1) charge of θ¯12 is +1 (θ12 has −1) while the covariant derivative D2 is +1. Then it is
easy to see that the U(1) charge is preserved in both sides of (7.1).
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+
θ12
z212
1
(c− 1)
[
−5
6
(2c− 5) ∂DT− 15
2
TDT
]
(Z2)
+
θ¯12
z212
1
(c− 1)
[
7
6
(2c− 1) ∂DT+ 7
2
TDT
]
(Z2)
+
θ12 θ¯12
z212
1
(c− 1)(c+ 6)(2c− 3)
[
1
72
(6c3 − 551c2 + 2718c− 3120) ∂[D,D]T
− 1
18
(204c2 − 469c− 18)T [D,D]T− 2
9
(101c− 239)TTT
+
1
3
(131c2 − 306c+ 208)DTDT
+
107
12
(c + 6)(2c− 3) ∂TT+ 1
18
(52c3 + 51c2 − 396c+ 260) ∂2T
]
(Z2)
+
1
z12
1
(c− 1)(c+ 6)(2c− 3)
[
− 1
12
(12c3 + 53c2 − 234c+ 60) ∂[D,D]T
−1
6
(3c+ 8)(8c+ 9)T[D,D]T− 1
3
(32c+ 127)TTT+ (c2 − 36c+ 8)DTDT
−2 (c+ 6)(2c− 3) ∂TT + 1
6
(c+ 2)(2c2 + 2c+ 5) ∂2T
]
(Z2)
+
θ12
z12
1
(c− 1)(c+ 6)(2c− 3)
[
−5
4
(c3 − 2c2 + 12c− 30) ∂2DT+ 5
2
(4c− 41)TTDT
+
5
12
(27c2 − 38c− 30) [D,D]TDT− 5
6
(11c2 + 91c− 240) ∂DTT
−5
4
(7c2 − 2c− 4) ∂TDT
]
(Z2)
+
θ¯12
z12
1
(c− 1)(c+ 6)(2c− 3)
[
7
24
(6c3 + 3c2 + 4c+ 42) ∂2DT− 7
2
(12c+ 7)TTDT
− 7
12
(27c2 − 32c+ 6)DT[D,D]T+ 7
6
(5c2 − 37c− 12) ∂DTT
+
7
4
(c2 + 40c− 56) ∂TDT
]
(Z2)
+
θ12 θ¯12
z12
1
(c− 1)(c+ 1)(c+ 6)(2c− 3)(5c− 9) [
35
72
(12c4 − 57c3 + 70c2 + 9c+ 90) ∂2[D,D]T
−35
9
(30c3 − 23c2 + 59c+ 57)TT[D,D]T− 175
18
(2c− 1)(16c+ 5)TTTT
+
35
3
(40c3 − 131c2 + 23c− 26)TDTDT+ 35
18
(75c4 − 159c3 − 58c− 72) ∂DTDT
− 35
216
(264c3 − 827c2 + 759c+ 90) [D,D]T[D,D]T
−35
36
(30c4 − 34c3 − 253c2 + 231c− 240) ∂[D,D]TT
32
+
35
18
(75c4 − 321c3 + 258c2 + 514c− 360) ∂DTDT
−35
36
(12c2 + c− 36)(c+ 1)(5c− 9) ∂T[D,D]T− 35
6
(8c− 17)(c+ 1)(5c− 9) ∂TTT
+
35
24
(c− 2)(20c3 + 118c2 − 159c− 37) ∂T∂T
+
35
36
(40c4 + 64c3 − 207c2 − 381c+ 950) ∂2TT
+
35
216
(30c5 − 54c4 − 235c3 + 782c2 − 177c+ 210) ∂3T
]
(Z2) + · · · . (7.2)
In the large c limit, all the nonlinear terms in (7.2) disappear. One can also analyze the
subleading 1
c
, · · · , 1
c3
-terms. Note that the normalization for the higher spin currents W
(2)
± 2
3
(Z)
can be seen from the singular term 1
z412
with the coefficient c
2
. All the structure constants in
(7.2) are completely fixed and can be written in terms of the function of the central charge c
37. See also Appendix (H.2) for the component result.
Inside of the package [31], one also introduces the OPE in Appendix (B.1), the OPE in
Appendix (B.4) for W
( 7
2
)
− 1
3
(Z2) which is an N = 2 extension of the W (
7
2
)
− 1
3
(w). Then one can
write down the OPE W
(2)
− 2
3
(Z1)W
(2)
− 2
3
(Z2) with arbitrary coefficients as done before. By using
the Jacobi identity between the three (higher spin) currents (T,W
(2)
− 2
3
,W
(2)
− 2
3
), we obtain the
following result
W
(2)
− 2
3
(Z1)W
(2)
− 2
3
(Z2) = C
( 7
2
)−
(2) (2)
(
θ12
z12
W
( 7
2
)
− 1
3
(Z2) +
θ12 θ¯12
z12
1
2
DW
( 7
2
)
− 1
3
(Z2)
)
+ · · · . (7.3)
The unknown structure constant appearing in the first term of (7.3) is present. As before
Appendix (H.3) describes the component result.
The above three OPEs (7.1), (7.2) and (7.3) can be summarized by[
W
(2)
± 2
3
]
·
[
W
(2)
± 2
3
]
=
[
W
( 7
2
)
± 1
3
]
,
[
W
(2)
2
3
]
·
[
W
(2)
− 2
3
]
=
[
I
]
. (7.4)
Here [I] stands for the N = 2 superconformal family of the identity operator. Therefore, the
third and fourth N = 2 multiplet in (3.3) can be obtained from the first equation of (7.4).
7.2 The OPEs between the higher spin-2 current and the higher
spin-72 current
Let us consider the next OPE between W
(2)
2
3
(Z1) and W
( 7
2
)
1
3
(Z2). That is, the OPE between
the first and the third N = 2 multiplets in (3.3). The corresponding component results for
37 The covariant derivative D2 has U(1) charge −1. One can check the U(1) charge of the right hand side
of (7.2) is zero.
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N = 3 can be obtained. For example, the lowest component higher spin current W
(4)
0 (w),
living in the fifth N = 2 multiplet in (3.3), appears in the second-order pole of the OPE
W
(2)
2
3
(z)W
(4)
− 2
3
(w) for N = 3. See also Appendix (I.1). It is obvious to see that the U(1) charge
counting in the OPE implies this particular singular term if one takes the first operator as
the lowest higher spin current W
(2)
2
3
(z). Note that the above higher spin current W
(4)
0 (w) is
the first element of vanishing U(1) charge in the list of (5.5). Now one can introduce the
arbitrary coefficients in the right hand side of the N = 2 OPE. Inside of the package [31],
one introduces the OPE in Appendix (B.4) forW
(4)
0 (Z2). Then one can write down the OPE
W
(2)
2
3
(Z1)W
( 7
2
)
1
3
(Z2) with arbitrary coefficients.
By using the Jacobi identity between the three (higher spin) currents (T,W
(2)
2
3
,W
( 7
2
)
1
3
), we
obtain the following result
W
(2)
2
3
(Z1)W
( 7
2
)
1
3
(Z2) = C
(4)+
(2) ( 7
2
)
(
θ¯12
z212
W
(4)
0 (Z2)−
θ12 θ¯12
z212
7
24
DW
(4)
0 (Z2)
− 1
z12
1
4
DW
(4)
0 (Z2) +
θ¯12
z12
[
1
24
[D,D]W
(4)
0 +
3
8
∂W
(4)
0
]
(Z2) (7.5)
+
θ12 θ¯12
z12
[
− 5(c− 3)
36(c+ 9)
∂DW
(4)
0 +
20
3(c+ 9)
DTW
(4)
0 −
5
3(c+ 9)
TDW
(4)
0
]
(Z2)
)
+ · · · .
In the large c limit, all the nonlinear terms in (7.5) disappear. One can analyze the subleading
1
c
-term. Except an overall structure constant factor in (7.5), all the relative coefficients are
determined during this calculation.
Let us move on the next OPE between the first and the fourth N = 2 multiplets in (3.3).
The lowest component higher spin current W
(2)
− 2
3
(w), living in the second N = 2 multiplet in
(3.3), appears in the fourth-order pole of the OPE W
(2)
2
3
(z)W
(4)
− 4
3
(w) for N = 3. It is obvious
to see that the U(1) charge counting in the OPE implies this particular OPE if one takes the
first operator as the lowest higher spin current W
(2)
2
3
(z) 38. Note that the above higher spin
current W
(2)
− 2
3
(w) is the first element of having U(1) charge −2
3
in the list of (5.5). Then by
reading off the possible terms in the right hand sides of the above four OPEs in the component
approach and generalizing them in N = 2 superspace, one can write down the right hand side
38 One can calculate the OPE W
(2)
2
3
(z)W
( 7
2
)
− 1
3
(w) and obtain all the singular terms where the third-order
pole contains W
( 5
2
)
1
3
(w). Furthermore, one obtains the OPE W
(2)
2
3
(z)W
(4)
2
3
(w) where the highest singular term
is the second-order pole. Similarly, one can calculate the OPE W
(2)
2
3
(z)W
( 9
2
)
− 1
3
(w) where the fourth-order pole
has W
( 5
2
)
1
3
(w) for N = 3. See also Appendix (I.2).
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of this OPE with arbitrary coefficients as follows:
W
(2)
2
3
(Z1)W
( 7
2
)
− 1
3
(Z2) = C
(2)+
(2) ( 7
2
)
(
θ¯12
z412
W
(2)
− 2
3
(Z2) +
θ12 θ¯12
z412
c2DW
(2)
− 2
3
+
1
z312
c3DW
(2)
− 2
3
+
θ¯12
z312
[
c4 [D,D]W
(2)
− 2
3
+ c5TW
(2)
− 2
3
+ c6 ∂W
(2)
− 2
3
]
+
θ12 θ¯12
z312
[
c7 ∂DW
(2)
− 2
3
+ c8TDW
(2)
− 2
3
+ c9DTW
(2)
− 2
3
]
+
1
z212
[
c10 ∂DW
(2)
− 2
3
+ c11TDW
(2)
− 2
3
+ c12DTW
(2)
− 2
3
]
+
θ12
z212
c13DTDW
(2)
− 2
3
+
θ¯12
z212
[
c14 ∂[D,D]W
(2)
− 2
3
+ · · ·+ c22 ∂2W(2)− 2
3
]
+
θ12 θ¯12
z212
[
c23 ∂
2DW
(2)
− 2
3
+ · · ·+ c31TDTW(2)− 2
3
]
+
1
z12
[
c32 ∂
2DW
(2)
− 2
3
+ · · ·+ c40 ∂TDW(2)− 2
3
]
+
θ12
z12
[
c41TDTDW
(2)
− 2
3
+ · · ·+ c43 ∂DTDW(2)− 2
3
]
+
θ¯12
z12
[
c44DTDTW
(2)
− 2
3
+ · · ·+ c65 ∂3W(2)− 2
3
]
+
θ12 θ¯12
z12
[
c66 ∂
3DW
(2)
− 2
3
+ · · ·+ c87TTDTW(2)− 2
3
])
(Z2) + · · · . (7.6)
Using the Jacobi identity between the three (higher spin) currents (T,W
(2)
2
3
,W
( 7
2
)
− 1
3
), the co-
efficients (except an overall coefficient factor) are fixed and their explicit results are given in
Appendix (G.2). By U(1) charge counting, the nonlinear term W
(2)
2
3
W
(2)
2
3
(Z2) in the singular
term θ12
z212
(and the descendant terms in other singular terms) can arise but this cannot happen
because they become identically zero after using the Jacobi identity. The nonlinear higher
spin currents do not appear in (7.6). Furthermore, the higher spin current W
( 7
2
)
1
3
(Z2) can also
appear in the 1
z212
term but this cannot happen.
Now one can go to the other OPE between the second and the fourth N = 2 multiplets in
(3.3). As before, the lowest component higher spin current W
(2)
2
3
(w), living in the first N = 2
multiplet in (3.3), appears in the fourth-order pole in the OPE W
(2)
− 2
3
(z)W
(4)
4
3
(w) for N = 3.
See also Appendix (I.3). The U(1) charge counting in the OPE implies this particular OPE
if one takes the first operator as the lowest higher spin current W
(2)
− 2
3
(z). Note that the above
higher spin current W
(2)
2
3
(w) is the first element of having U(1) charge 2
3
in the list of (5.5).
Then the right hand side of this OPE with arbitrary coefficients can be written as follows:
W
(2)
− 2
3
(Z1)W
( 7
2
)
1
3
(Z2) = C
(2)−
(2) ( 7
2
)
35
×
 1
C
(2)+
(2) ( 7
2
)
W
(2)
2
3
(Z1)W
( 7
2
)
− 1
3
(Z2)
∣∣∣∣∣
θ12↔θ¯12,D↔D,W
(2)
−
2
3
(Z2)→W
(2)
2
3
(Z2),ci→di

 . (7.7)
Here the previous OPE result (7.6) was used. The explicit form for (7.7) is given in Appendix
(G.4). The Jacobi identity between the three (higher spin) currents (T,W
(2)
− 2
3
,W
( 7
2
)
1
3
) deter-
mines the coefficients (except an overall coefficient factor) and their explicit results are given
in Appendix (G.5).
Now the last OPE in this subsection we consider is the OPE between the second and the
fourth N = 2 multiplets in (3.3). The lowest component higher spin current W (4)0 (w), living
in the fifth N = 2 multiplet in (3.3), appears in the second-order pole OPE W (2)
− 2
3
(z)W
(4)
2
3
(w)
for N = 3. See also Appendix (I.4). The Jacobi identity between the three (higher spin)
currents (T,W
(2)
− 2
3
,W
( 7
2
)
− 1
3
) determines the following result
W
(2)
− 2
3
(Z1)W
( 7
2
)
− 1
3
(Z2) = C
(4)−
(2) ( 7
2
)
(
θ12
z212
W
(4)
0 (Z2) +
θ12 θ¯12
z212
7
24
DW
(4)
0 (Z2)
− 1
z12
1
4
DW
(4)
0 (Z2) +
θ12
z12
[
− 1
24
[D,D]W
(4)
0 +
3
8
∂W
(4)
0
]
(Z2) (7.8)
+
θ12 θ¯12
z12
[
5(c− 3)
36(c+ 9)
∂DW
(4)
0 +
20
3(c+ 9)
DTW
(4)
0 −
5
3(c+ 9)
TDW
(4)
0
]
(Z2)
)
+ · · · .
The large c limit can be analyzed before.
The above four OPEs (7.5), (7.6), (7.7), and (7.8) can be simplified as
[
W
(2)
± 2
3
]
·
[
W
( 7
2
)
± 1
3
]
=
[
W
(4)
0
]
,
[
W
(2)
∓ 2
3
]
·
[
W
( 7
2
)
± 1
3
]
=
[
W
(2)
± 2
3
]
. (7.9)
Therefore, the fifth N = 2 multiplet in (3.3) can be obtained from the first relations in (7.9)
39.
7.3 The OPEs between the higher spin-72 currents
Let us consider the OPE between the third N = 2 multiplet and itself in (3.3). As before, the
lowest component higher spin current W
( 7
2
)
− 1
3
(w), living in the fourth N = 2 multiplet in (3.3),
appears in the fourth-order pole of the OPE W
( 7
2
)
1
3
(z)W
(4)
− 2
3
(w) for N = 3. See also Appendix
39 In this paper, because the OPE between the higher spin current W
(4)
0 (Z) and the other higher spin
current is not known, one cannot use the Jacobi identity including both the higher spin current and W
(4)
0 (Z).
For example, in order to obtain the Jacobi identity between the higher spin currents (W
(2)
2
3
,W
(2)
2
3
,W
( 7
2
)
1
3
), we
should calculate more OPEs.
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(J.1). Similarly, OPE W
( 7
2
)
1
3
(z)W
( 7
2
)
1
3
(w) contains the third-order pole having W
(4)
2
3
(w) for
N = 3.
Then one can write down the following OPE with arbitrary coefficients
W
( 7
2
)
1
3
(Z1)W
( 7
2
)
1
3
(Z2) = C
( 7
2
)+
( 7
2
) ( 7
2
)
×

 1
C
(2)+
(2) ( 7
2
)
W
(2)
2
3
(Z1)W
( 7
2
)
− 1
3
(Z2)
∣∣∣∣∣
W
(2)
−
2
3
(Z2)→W
( 7
2
)
−
1
3
(Z2), ci→ei

 , (7.10)
where the previous expression (7.6) is used. The three (higher spin) currents (T,W
( 7
2
)
1
3
,W
( 7
2
)
1
3
)
determines the coefficients (except an overall coefficient factor) and their explicit results are
given in Appendix (G.8). As long as the U(1) charge is concerned, the higher spin current
W
(2)
2
3
(Z2) can appear in the above OPE but this cannot happen.
Furthermore, the OPE between the third and fourth N = 2 multiplets can be described as
follows. Due to the U(1) charge conservation, one can have W
(4)
0 (Z2) in the right hand side
but it has been checked that the third-order pole in the OPE between W
( 7
2
)
1
3
(z)W
( 7
2
)
− 1
3
(w) for
N = 3 does not contain the above W
(4)
0 (w) in the component approach. See also Appendix
(J.2). Only spin-4 composite fields coming from the currents of N = 2 superconformal
algebra arise in the above third-order pole. This implies that by considering the general
terms (∂l1Dl2D
l3
Tl4 · · ·∂m1Dm2Dm3Tm4)(Z2), one can write down the possible ansatz with
various arbitrary coefficients more than four hundreds as follows:
W
( 7
2
)
1
3
(Z1)W
( 7
2
)
− 1
3
(Z2) =
θ12 θ¯12
z812
g379 +
1
z712
2c
7
+
θ12 θ¯12
z712
g380T(Z2) +
1
z612
g381T(Z2)
+
θ12
z612
g382DT(Z2) +
θ¯12
z612
g383DT(Z2) +
θ12 θ¯12
z612
[
g384 [D,D]T+ g385TT+ g386 ∂T
]
(Z2)
+
1
z512
[
g387 [D,D]T + g388TT+ g399 ∂T
]
(Z2) +
θ12
z512
[g389 ∂DT + g390TDT] (Z2)
+
θ¯12
z512
[
g391 ∂DT+ g392TDT
]
(Z2) +
θ12 θ¯12
z512
[
g393 ∂[D,D]T+ · · ·+ g398 ∂2T
]
(Z2)
+
1
z412
[
g400 ∂[D,D]T + · · ·+ g404 ∂TT + g428 ∂2T
]
(Z2)
+
θ12
z412
[
g405 ∂
2DT+ · · ·+ g409 ∂TDT
]
(Z2) +
θ¯12
z412
[
g410 ∂
2DT+ · · ·+ g414 ∂TDT
]
(Z2)
+
θ12 θ¯12
z412
[
g415 ∂
2[D,D]T · · ·+ g427 ∂3T
]
(Z2) (7.11)
+
1
z312
[
g1 ∂
2[D,D]T+ · · ·+ g57 ∂3T
]
(Z2) +
θ12
z312
[
g13 ∂
3DT+ · · ·+ g22 ∂2TDT
]
(Z2)
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+
θ¯12
z312
[
g23 ∂
3DT+ · · ·+ g32 ∂2TDT
]
(Z2) +
θ12 θ¯12
z312
[
g33 ∂
3[D,D]T+ · · ·+ g56 ∂4T
]
(Z2)
+
1
z212
[
g58 ∂
3[D,D]T+ · · ·+ g170 ∂4T
]
(Z2) +
θ12
z212
[
g81 ∂
4DT+ · · ·+ g101 ∂3TDT
]
(Z2)
+
θ¯12
z212
[
g102 ∂
4DT+ · · ·+ g122 ∂3TDT
]
(Z2)
+
θ12 θ¯12
z212
[
g123 ∂
4[D,D]T+ · · ·+ g169 ∂5T
]
(Z2)
+
1
z12
[
g171 ∂
4[D,D]T+ · · ·+ g378 ∂5T
]
(Z2) +
θ12
z12
[
g217 ∂
5DT+ · · ·+ g255 ∂4TDT
]
(Z2)
+
θ¯12
z12
[
g256 ∂
5DT+ · · ·+ g294 ∂4TDT
]
(Z2)
+
θ12 θ¯12
z12
[
g295 ∂
5[D,D]T+ · · ·+ g377 ∂6T
]
(Z2).
Note that the undetermined coefficients gi where i = 1, 2, · · · , 428 do not appear in order
unfortunately. Again, three (higher spin) currents (T,W
( 7
2
)
1
3
,W
( 7
2
)
− 1
3
) determines the coefficients
completely, where the normalization for the higher spin currents W
( 7
2
)
± 1
3
(Z) are fixed through
the singular term 1
z712
2c
7
, and their explicit results are given in Appendices (G.9) and (G.10).
Although we present the OPE (7.11), the complete expression is given in Appendices (G.9)
and (G.10).
The final OPE between the fourth N = 2 multiplet and itself can be summarized by the
following expression
W
( 7
2
)
− 1
3
(Z1)W
( 7
2
)
− 1
3
(Z2) = C
( 7
2
)−
( 7
2
) ( 7
2
)
×

 1
C
( 7
2
)+
( 7
2
) ( 7
2
)
W
( 7
2
)
1
3
(Z1)W
( 7
2
)
1
3
(Z2)
∣∣∣∣∣
θ12↔θ¯12, D↔D, W
( 7
2
)
−
1
3
(Z2)→W
( 7
2
)
1
3
(Z2), ei→fi

 , (7.12)
where the OPE (7.10) is used. In this case, the lowest component higher spin current
W
( 7
2
)
1
3
(w), living in the third N = 2 multiplet in (3.3), appears in the fourth-order pole
in the OPE W
( 7
2
)
− 1
3
(z)W
(4)
2
3
(w) for N = 3. See also Appendix (J.3). The detailed expression
for the coefficients, after using the Jacobi identity between the three (higher spin) currents
(T,W
( 7
2
)
− 1
3
,W
( 7
2
)
− 1
3
), is given by Appendix (G.13).
The above OPEs (7.10), (7.11) and (7.12) can be described as[
W
( 7
2
)
± 1
3
]
·
[
W
( 7
2
)
± 1
3
]
=
[
W
( 7
2
)
∓ 1
3
]
,
[
W
( 7
2
)
1
3
]
·
[
W
( 7
2
)
− 1
3
]
=
[
I
]
. (7.13)
In other words, the higher spin current algebra for W
( 7
2
)
± 1
3
(Z) is closed from (7.13).
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From the the Jacobi identity between the higher spin currents (W
(2)
2
3
,W
(2)
2
3
,W
(2)
− 2
3
), one
obtains the relation
C
(2)−
(2) ( 7
2
)
C
( 7
2
) +
(2) (2) =
70(810c5 + 15354c4 − 76443c3 + 75177c2 + 55324c− 80590)
243(c− 1)(c+ 1)(c+ 6)(2c− 3)(5c− 9) . (7.14)
From the three OPEs between the above higher spin currents, one realizes that the structure
constant C
( 7
2
)+
(2) (2) appears in the OPE (7.1) and the structure constant C
(2)−
(2) ( 7
2
)
appears in the
OPE (7.7) by selecting the first and second higher spin currents in the Jacobi identity first and
then selecting the higher spin current W
( 7
2
)
1
3
(Z) and the third higher spin current W
(2)
− 2
3
(Z).
Furthermore, the OPE (7.2) contains the stress energy tensor (and its descendant fields) with
known c-dependent coefficients after selecting the first and the third higher spin currents in
the Jacobi identity first and then selecting the second higher spin current W
(2)
− 2
3
(Z) and the
above stress energy tensor. This implies that one can rewrite C
(2)−
(2) ( 7
2
)
in terms of C
( 7
2
)+
(2) (2) with
the help of (7.14).
Similarly, the Jacobi identity between the higher spin currents (W
(2)
− 2
3
,W
(2)
− 2
3
,W
(2)
2
3
) implies
the following relation
C
(2)+
(2) ( 7
2
)
C
( 7
2
)−
(2) (2) =
70(810c5 + 15354c4 − 76443c3 + 75177c2 + 55324c− 80590)
243(c− 1)(c+ 1)(c+ 6)(2c− 3)(5c− 9) . (7.15)
In this case, from the OPE between the first and second higher spin currents in the Jacobi
identity, one observes the OPE (7.3) has the structure constant C
( 7
2
)−
(2) (2) and the OPE between
the third higher spin current and the higher spin current appearing in the right hand side of
(7.3) leads to the OPE (7.6) where the structure constant C
(2)+
(2) ( 7
2
)
appears. Furthermore, the
combination between the first and third higher spin currents in the Jacobi identity implies the
OPE (7.2) with the stress energy tensor and the OPE between the remaining (second) higher
spin current and the stress energy tensor gives the higher spin itself with known c-dependent
coefficients. Therefore, it turns out that one obtains the above result (7.15). Then one can
rewrite C
(2)+
(2) ( 7
2
)
in terms of C
( 7
2
)−
(2) (2) with the help of (7.15).
By using the Jacobi identity between the higher spin currents (W
(2)
2
3
,W
(2)
2
3
,W
( 7
2
)
− 1
3
), one has
the simple relation
C
(2)+
(2) ( 7
2
)
= −4
7
C
( 7
2
) +
(2) (2). (7.16)
According to previous description, the structure constant C
( 7
2
)+
(2) (2) appears in the OPE (7.1).
Then after doing the OPE between the higher spin current W
( 7
2
)
1
3
(Z1) appearing in the OPE
(7.1) and the third higher spin current in the Jacobi identity leads to the OPE (7.11) where
39
one can see the fixed coefficients which depend on the central charge. Furthermore, the other
combination in the Jacobi identity provides the OPE between the first and third higher spin
currents. This is given by the OPE (7.6) where the structure constant C
( 7
2
) +
(2) (2) appears. After
that, the OPE between the remaining (second) higher spin current and the higher spin current
W
(2)
− 2
3
(Z2) gives the stress energy tensor with fixed coefficients via the OPE (7.2). Then we
are left with the above result (7.16).
Also the Jacobi identity between the higher spin currents (W
(2)
− 2
3
,W
(2)
− 2
3
,W
( 7
2
)
1
3
) determines
the relation
C
(2)−
(2) ( 7
2
)
= −4
7
C
( 7
2
)−
(2) (2). (7.17)
From the OPE between the first and second higher spin currents, one sees the structure
constant C
( 7
2
)−
(2) (2) in the OPE (7.3). Then after using the OPE between the higher spin current
W
( 7
2
)
− 1
3
(Z1) appearing in the OPE (7.3) and the third higher spin current in the Jacobi identity
leads to the OPE (7.11) where one can see the fixed coefficients which depend on the central
charge. The other combination in the Jacobi identity provides the OPE between the first
and third higher spin currents. This is given by the OPE (7.7) where the structure constant
C
( 7
2
)−
(2) (2) appears. After that, the OPE between the remaining (second) higher spin current and
the higher spin current W
(2)
2
3
(Z2) gives the stress energy tensor (and its descendant fields)
with fixed coefficients via the OPE (7.2). Then one arrives at the above result (7.17).
It is obvious that by combining the two equations (7.15) and (7.16), one obtains
C
( 7
2
)+
(2) (2) C
( 7
2
)−
(2) (2) = −
245(810c5 + 15354c4 − 76443c3 + 75177c2 + 55324c− 80590)
486(c− 1)(c+ 1)(c+ 6)(2c− 3)(5c− 9) .(7.18)
One can also obtain (7.18) from the two relations (7.14) and (7.17).
Finally, the Jacobi identity between the higher spin currents (W
( 7
2
)
1
3
,W
( 7
2
)
− 1
3
,W
( 7
2
)
1
3
) (or the
Jacobi identity between the higher spin currents (W
( 7
2
)
1
3
,W
( 7
2
)
− 1
3
,W
( 7
2
)
− 1
3
)) determines the relation
C
( 7
2
)+
( 7
2
) ( 7
2
)
C
( 7
2
)−
( 7
2
) ( 7
2
)
= − 968(c + 9)(3c − 2)(3c + 4)(27c − 46)(3c
2 + 90c− 265)
45927(c − 2)(c − 1)(c+ 1)(c + 6)(c+ 12)(c + 18)(2c − 3)(4c − 9)(5c − 9)(7c − 15) ×
[
1
(25515c6 + 2447010c5 + 37120599c4 − 159264468c3 + 23829036c2 + 286911248c − 147772320) ]
×(3214890c10 + 456897105c9 + 15491804931c8 + 80626717305c7
−1337882375511c6 + 4266884659422c5 − 3477197652650c4 − 4929653958916c3
+8674839058952c2 − 1802006074448c − 1456307369280). (7.19)
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In this case, by choosing the first and second higher spin currents, one has the stress energy
tensor (and its descendant fields) via the OPE (7.11) and then by considering the OPE
between the stress energy tensor (with fixed c-dependent coefficients) and the third higher
spin current will provide the higher spin itself. Moreover, by taking the first and third higher
spin currents, one has the OPE (7.10) with structure constant C
( 7
2
)+
( 7
2
) ( 7
2
)
and then considering
the OPE between the higher spin current W
( 7
2
)
− 1
3
(Z1) and the second higher spin current, one
obtains the OPE (7.12) where one sees the structure constant C
( 7
2
)−
( 7
2
) ( 7
2
)
. Then we are left with
the above result (7.19).
By collecting the above relations, we are left with the undetermined structure constants
C
( 7
2
)+
(2) (2), C
( 7
2
)+
( 7
2
) ( 7
2
)
, C
(4)+
(2) ( 7
2
)
and C
(4)−
(2) ( 7
2
)
40.
For the Jacobi identity between the higher spin currents (W
(2)
2
3
,W
(2)
2
3
,W
(2)
− 2
3
), one has
5(1440c4 + 34131c3 − 74910c2 − 14858c+ 73493)
243(c− 1)(c+ 1)(c+ 6)(2c− 3)(5c− 9) (3c− 8)W
(2)
2
3
(Z). (7.20)
Then for c = 8
3
which is the minimum value in (2.18), this term (7.20) vanishes. Furthermore,
the descendant field of W
(2)
2
3
(Z),
(
93
10
TD∂W
(2)
2
3
− 43
10
DT∂W
(2)
2
3
+
4
3
∂DTW
(2)
2
3
− 7
2
∂TDW
(2)
2
3
− 209
60
∂2DW
(2)
2
3
−13
4
[D,D]TDW
(2)
2
3
+
6
5
DT[D,D]W
(2)
2
3
− 51
4
TTDW
(2)
2
3
+ 3TDTW
(2)
2
3
)
(Z), (7.21)
appears. However, this expression (7.21) becomes a null field at c = 8
3
. One way to see this
feature, following the procedure in [22], is to calculate the OPE T(Z1) and the field (7.21)
at Z2. Then the highest-order pole contains
θ¯12
z412
7
9
(3c− 8)W(2)2
3
(Z2) plus other singular terms.
This implies that for c = 8
3
, the above field (7.21) is a null field. Similar analysis for the
Jacobi identity between the higher spin currents (W
(2)
− 2
3
,W
(2)
− 2
3
,W
(2)
2
3
) can be done 41.
40 If one makes the rescalings W
( 7
2
)
1
3
(Z) →
(
C
( 7
2
)+
( 7
2
) ( 7
2
)
C
( 7
2
)+
( 7
2
) ( 7
2
)
C
( 7
2
)−
( 7
2
) ( 7
2
)
) 1
3
W
( 7
2
)
1
3
(Z) and W
( 7
2
)
− 1
3
(Z) →(
C
( 7
2
)−
( 7
2
) ( 7
2
)
C
( 7
2
)−
( 7
2
) ( 7
2
)
C
( 7
2
)+
( 7
2
) ( 7
2
)
) 1
3
W
( 7
2
)
− 1
3
(Z), then the overall factors in (7.10) and (7.12) are given by the right hand
side of (7.19). Moreover the right hand side of (7.11) has the extra factor which is equal to the right hand side of
(7.19) also. Then the following rescalings hold W
(2)
2
3
(Z)→
(
C
( 7
2
)+
( 7
2
) ( 7
2
)
C
( 7
2
)+
( 7
2
) ( 7
2
)
C
( 7
2
)−
( 7
2
) ( 7
2
)
) 1
6
(
C
( 7
2
)−
(2) (2)
) 1
2
W
(2)
2
3
(Z),
and W
(2)
− 2
3
(Z) →
(
C
( 7
2
)−
( 7
2
) ( 7
2
)
C
( 7
2
)−
( 7
2
) ( 7
2
)
C
( 7
2
)+
( 7
2
) ( 7
2
)
) 1
6
(
C
( 7
2
)+
(2) (2)
) 1
2
W
(2)
− 2
3
(Z). Then the right hand sides of (7.5) and
(7.8) contain the right hand side of (7.18). The right hand side of (7.6) can be changed also.
41 As observed in [48], the Zamolodchikov’s extended conformal algebra [49] consisting of the spin- 52 cur-
rent as well as the spin-2 stress energy tensor contains the null field. That is, the spin- 52 current appears
in the Jacobi identity with the coefficient (14c + 13). Then for c = − 1314 , this term vanishes. Moreover,
41
One expects that the sixth-ninth higher spin currents in (5.5) can be obtained the following
OPEs [
W
(2)
± 2
3
]
·
[
W
(4)
0
]
=
[
W
( 11
2
)
∓ 1
3
]
,
[
W
(2)
± 2
3
]
·
[
W
( 11
2
)
∓ 1
3
]
=
[
W
(6)
∓ 2
3
]
,
[
W
(2)
± 2
3
]
·
[
W
( 11
2
)
± 1
3
]
=
[
W
(4)
0
]
. (7.22)
Of course, in the right hand sides of (7.22), the previous known higher spin currents can
appear. It would be interesting to see these extra OPEs in details in the future.
8 Conclusions and outlook
In this paper, the first two N = 2 higher spin multiplets in (3.3) are obtained from the
two adjoint fermions living in the stringy coset minimal model (1.1). We also obtain the
corresponding OPEs between the first four N = 2 higher spin multiplets in (3.3) in N = 2
superspace for generic N (or central charge c) by using the Jacobi identity.
Now we present the future directions as follows.
• The N = 3 (or N = 4) supersymmetric coset minimal model
One can think of the following coset models
SˆU(N)N ⊕ SˆU(N)N ⊕ SˆU(N)N
SˆU(N)3N
,
SˆU(N)N ⊕ SˆU(N)N ⊕ SˆU(N)N ⊕ SˆU(N)N
SˆU(N)4N
.
Then it is an open problem to obtain three (four) spin-3
2
currents of N = 3 (large N =
4) superconformal algebra from the three (four) kinds of adjoint fermions. One expects
that the spin-2 stress energy tensor can be determined by the Sugawara construction. The
nontrivial thing is to obtain the correct OPEs between the spin-3
2
currents. Moreover, it is
an open problem to check whether there are higher sin currents in the context of large N = 4
holography [8, 50, 51, 52, 53, 54, 55].
the descendant field of this current appears in the Jacobi identity and becomes a null field for c = − 1314
because the OPE between the stress energy tensor with this descendant field leads to the highest-order
pole with the spin- 52 current with the coefficient (14c + 13). The Jacobi identity between the higher spin
currents (W
( 7
2
)
1
3
,W
( 7
2
)
1
3
,W
( 7
2
)
− 1
3
) leads to (3c − 8)f(c)W( 72 )1
3
(Z), where f(c) is a complicated fractional ex-
pression in c. Then for c = 83 , this term vanishes. Furthermore, there exists the descendant field of
W
( 7
2
)
1
3
(Z),
(
26703
637 TT∂
2[D,D]W
( 7
2
)
1
3
− 89331274T∂3[D,D]W
( 7
2
)
1
3
+ 180637∂
4[D,D]W
( 7
2
)
1
3
+ other 109-terms
)
. Then the
highest-order pole in the OPE between the stress energy tensor and the above descendant field contains
θ12 θ¯12
z7
12
g(c) (3c − 8)W( 72 )1
3
(Z2) where g(c) is a complicated fractional expression in c (plus other singular
terms). This implies that for c = 83 , the above field is a null field. The analysis for the Jacobi identity
(W
( 7
2
)
− 1
3
,W
( 7
2
)
− 1
3
,W
( 7
2
)
1
3
) can be done.
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• The explicit Casimir higher spin-7
2
, 4, 9
2
currents
So far, the Casimir higher spin-2, 5
2
, 3 currents are found. It would be interesting to obtain
the third and fourth N = 2 multiplets in (3.3) in terms of two adjoint fermions. From the
U(1) charge counting, one can have
W
( 7
2
)
± 1
3
(z) = dabcdcdef bfgf dhif ejk
×(ψa ± iχa)(ψf + iχf )(ψg − iχg)(ψh + iχh)(ψi − iχi)(ψj + iχj)(ψk − iχk)(z) + · · · .
Here the abbreviated parts come from the derivative terms and the nonderivative terms with
different choices of signs in the χa(z) which preserves the corresponding U(1) charge. Further-
more, the higher spin current W
(4)
± 4
3
(z) can be written in terms of dabcdcdefafgf bhif djkf elm(ψf±
iχf )(ψg± iχg)(ψh± iχh)(ψi± iχi)(ψj+ iχj)(ψk− iχk)(ψl+ iχl)(ψm− iχm)(z)+ · · ·. Similarly,
one can have W
(4)
± 2
3
(z) = dabcdcdefafgf bhif djkf elm(ψf ± iχf )(ψg± iχg)(ψh+ iχh)(ψi− iχi)(ψj +
iχj)(ψk − iχk)(ψl + iχl)(ψm− iχm)(z) + · · ·. For the higher spin current with vanishing U(1)
charge, one expects W
(4)
0 (z) = d
abcdcdefafgf bhif djkf elm(ψf + iχf )(ψg − iχg)(ψh + iχh)(ψi −
iχi)(ψj + iχj)(ψk − iχk)(ψl + iχl)(ψm − iχm)(z) + · · ·.
• Marginal deformation
One of the motivations of this paper is to describe the marginal deformation which breaks
the higher spin symmetry and obtain the mass for the higher spin currents in the large N
limit. The coset model we consider here has N = 2 supersymmetry and there should be
a marginal deformation. It would be interesting to determine the mass for the higher spin
currents with the help of the explicit symmetry algebra found in this paper. According to the
observation of [14, 15, 16], the SO(2)R doublet rather than SO(2)R singlet can have nonzero
mass contribution. For the integer spin SO(2)R doublet, there are the higher spin currents
W
(4)
± 4
3
(z) and W
(4)
∓ 2
3
(z). Their OPEs can be found from the N = 2 version, (7.10), (7.11) or
(7.12). Unfortunately we did not present them in this paper. As emphasized in Appendix J ,
one can read off them from the above N = 2 version using the command N2OPEToComponents
inside of [31]. For the integer spin SO(2)R singlet, one has W
(2)
± 2
3
(z) and W
(3)
± 2
3
(z). Their OPEs
can be found from Appendix H in the large N limit (or in the finite N). For the half integer
case (either SO(2)R doublet or SO(2)R singlet) one can also analyze the mass contribution.
From Appendix I, one has the necessary OPEs between the SO(2)R singlets and the SO(2)R
doublets.
• Possible bulk theory computation
It is an open problem to obtain the AdS3 dual string theory (or extension of AdS3 higher
spin theory). First of all, in the context of type IIB string theory, the N = 2 supersymmetry
should be maintained. The 7-dimensional space may contain the two sphere S2 having the
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SO(2)R symmetry. See also the relevant work [33].
• The orthogonal version
It is natural to ask whether the present description can apply to the orthogonal coset
minimal model [56, 57, 58, 59, 60, 61, 62]. The first thing to do is to obtain the realization
of N = 2 superconformal algebra in the coset SˆO(2N)2N−2⊕SˆO(2N)2N−2
SˆO(2N)4N−4
model where the two
levels are given by the dual Coxeter number of SO(2N) and the level in the denominator is
the sum of these two levels. The central charge is given by c = 1
3
N(2N − 1) which behaves
as 2
3
N2 if the large N limit is taken. One expects that there exist N(2N − 1) free fermions
transforming in the adjoint representation of SO(2N) and the quadratic expression with the
structure constant realizes the usual affine Kac-Moody algebra. The adjoint index for the
fermions is given by either a single notation or double notation. One can also analyze the
SO(2N + 1) case.
• The N = 2 description of adjoint fermions
It is interesting to see whether there exists an N = 2 supersymmetric extension of the two
adjoint fermions. How one can write down Ψa(Z) = ψa(z) + · · · (and Ξa(Z) = χa(z) + · · ·)?
Then how one can express the (higher spin) currents in terms of these N = 2 adjoint fermions?
Can we introduce any N = 2 constraints on these N = 2 currents?
• The N = 2 OPE
[
W(h)q
]
·
[
W
(h)
−q
]
=
[
I
]
In this paper, we have obtained this relation for (h = 2, q = 2
3
) and (h = 7
2
, q = 1
3
).
It would be interesting to observe whether the above relation satisfies for any (h, q) or not.
The point is whether the right hand side of the above OPE contains any other combinations
among the higher spin currents with vanishing U(1) charge or not [63].
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A The fundamental OPEs between the adjoint spin-12
and spin-1 currents
We summarize the fundamental OPEs between the adjoint spin-1
2
currents and the adjoint
spin-1 currents as follows:
ψa(z) J b(w) =
1
(z − w) f
abc ψc(w) + · · · ,
ψa(z)Lb(w) =
1
(z − w)
1
2
fabc χc(w) + · · · ,
ψa(z)M b(w) = − 1
(z − w)
1
2
dabc χc(w) + · · · ,
χa(z)Kb(w) =
1
(z − w) f
abc χc(w) + · · · ,
χa(z)Lb(w) =
1
(z − w)
1
2
fabc ψc(w) + · · · ,
χa(z)M b(w) =
1
(z − w)
1
2
dabc ψc(w) + · · · ,
Ja(z) J b(w) = − 1
(z − w)2 N δ
ab +
1
(z − w) f
abc Jc(w) + · · · ,
Ja(z)Lb(w) =
1
(z − w) f
ace f bde ψcχd(w) + · · · ,
Ja(z)M b(w) = − 1
(z − w) f
ace dbde ψcχd(w) + · · · ,
Ka(z)Kb(w) = − 1
(z − w)2 N δ
ab +
1
(z − w) f
abcKc(w) + · · · ,
Ka(z)Lb(w) = − 1
(z − w) f
ade f bce ψcχd(w) + · · · ,
Ka(z)M b(w) = − 1
(z − w) f
ade dbce ψcχd(w) + · · · ,
La(z)Lb(w) = − 1
(z − w)2
N
2
δab +
1
(z − w)
1
4
fabc (Jc +Kc)(w) + · · · ,
La(z)M b(w) = − 1
(z − w)
1
2
face dbde (χcχd − ψcψd)(w) + · · · , (A.1)
Ma(z)M b(w) = − 1
(z − w)2
(N2 − 4)
2N
δab +
1
(z − w)
1
2
dace dbde(χcχd + ψcψd)(w) + · · · .
The defining relations are given in (2.2) and (3.5).
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B The OPEs between the N = 2 stress energy tensor
and the N = 2 primary current
The standard OPE between N = 2 stress energy tensor and itself in N = 2 superspace is
given by
T(Z1)T(Z2) =
1
z212
c
3
+
θ12 θ¯12
z212
T(Z2)− θ12
z12
DT(Z2) +
θ¯12
z12
DT(Z2) +
θ12 θ¯12
z12
∂T(Z2) (B.1)
where we have the explicit component expression for the stress energy tensor
T(Z) = J(z) + θ G+(z) + θ¯ G−(z) + θ θ¯ T (z). (B.2)
The equivalent 16 component OPEs corresponding to Appendix (B.1) are given by
J(z) J(w) =
1
(z − w)2
c
3
+ · · · ,
J(z)G+(w) =
1
(z − w) G
+(w) + · · · ,
J(z)G−(w) = − 1
(z − w) G
−(w) + · · · ,
J(z) T (w) =
1
(z − w)2 T (w) + · · · ,
G+(z) J(w) = − 1
(z − w) G
+(w) + · · · ,
G+(z)G+(w) = + · · · ,
G+(z)G−(w) =
1
(z − w)3
c
3
+
1
(z − w)2 J(w) +
1
(z − w)
[
T +
1
2
∂J
]
(w) + · · · ,
G+(z) T (w) =
1
(z − w)2
3
2
G+(w) +
1
(z − w)
1
2
∂G+(w) + · · · ,
G−(z) J(w) =
1
(z − w) G
−(w) + · · · ,
G−(z)G+(w) =
1
(z − w)3
c
3
− 1
(z − w)2 J(w) +
1
(z − w)
[
T − 1
2
∂J
]
(w) + · · · ,
G−(z)G−(w) = + · · · ,
G−(z) T (w) =
1
(z − w)2
3
2
G−(w) +
1
(z − w)
1
2
∂G−(w) + · · · ,
T (z) J(w) =
1
(z − w)2 J(w) +
1
(z − w) ∂J(w) + · · · ,
T (z)G+(w) =
1
(z − w)2
3
2
G+(w) +
1
(z − w) ∂G
+(w) + · · · ,
T (z)G−(w) =
1
(z − w)2
3
2
G−(w) +
1
(z − w) ∂G
−(w) + · · · ,
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T (z) T (w) =
1
(z − w)4
c
2
+
1
(z − w)2 2T (w) +
1
(z − w) ∂T (w) + · · · . (B.3)
Let us introduce the N = 2 primary current of spin h with nonzero U(1) charge q as
follows:
T(Z1)W
(h)
q (Z2) =
(
θ12 θ¯12
z212
h+
1
z12
q
)
W(h)q (Z2)−
θ12
z12
DW(h)q (Z2) +
θ¯12
z12
DW(h)q (Z2)
+
θ12 θ¯12
z12
∂W(h)q (Z2). (B.4)
As before, the component result for the N = 2 primary current is given by
W(h)q (Z) =W
(h)
q (z) + θW
(h+ 1
2
)
q+1 (z) + θ¯ W
(h+ 1
2
)
q−1 (z) + θ θ¯ W
(h+1)
q (z). (B.5)
In this classification, the aboveN = 2 stress energy tensor is characterized by h = 1 and q = 0.
More explicitly, W
(1)
0 (z) = J(z), W
( 3
2
)
1 (z) = G
+(z), W
( 3
2
)
−1 (z) = G
−(z) and W
(2)
0 (z) = T (z).
In component approach, we have the following 16 OPEs corresponding to Appendix (B.4)
J(z)W (h)q (w) =
1
(z − w) qW
(h)
q (w) + · · · ,
J(z)W
(h+ 1
2
)
q+1 (w) =
1
(z − w) (q + 1) W
(h+ 1
2
)
q+1 (w) + · · · ,
J(z)W
(h+ 1
2
)
q−1 (w) =
1
(z − w) (q − 1) W
(h+ 1
2
)
q−1 (w) + · · · ,
J(z)W (h+1)q (w) =
1
(z − w)2 hW
(h)
q (w) +
1
(z − w) q W
(h+1)
q (w) + · · · ,
G+(z)W (h)q (w) = −
1
(z − w)W
(h+ 1
2
)
q+1 (w) + · · · ,
G+(z)W
(h+ 1
2
)
q+1 (w) = + · · · ,
G+(z)W
(h+ 1
2
)
q−1 (w) =
1
(z − w)2
(
h+
q
2
)
W (h)q +
1
(z − w)
[
W (h+1)q +
1
2
∂W (h)q
]
(w) + · · · ,
G+(z)W (h+1)q (w) =
1
(z − w)2
[
h+
1
2
(q + 1)
]
W
(h+ 1
2
)
q+1 (w) +
1
(z − w)
1
2
∂ W
(h+ 1
2
)
q+1 (w) + · · · ,
G−(z)W (h)q (w) =
1
(z − w)W
(h+ 1
2
)
q−1 (w) + · · · ,
G−(z)W
(h+ 1
2
)
q+1 (w) =
1
(z − w)2
(
−h + q
2
)
W (h)q +
1
(z − w)
[
W (h+1)q −
1
2
∂W (h)q
]
(w) + · · · ,
G−(z)W
(h+ 1
2
)
q−1 (w) = + · · · ,
G−(z)W (h+1)q (w) =
1
(z − w)2
[
h− 1
2
(q − 1)
]
W
(h+ 1
2
)
q−1 (w) +
1
(z − w)
1
2
∂ W
(h+ 1
2
)
q−1 (w) + · · · ,
T (z)W (h)q (w) =
1
(z − w)2 hW
(h)
q (w) +
1
(z − w) ∂ W
(h)
q (w) + · · · ,
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T (z)W
(h+ 1
2
)
q+1 (w) =
1
(z − w)2 (h+
1
2
)W
(h+ 1
2
)
q+1 (w) +
1
(z − w) ∂ W
(h+ 1
2
)
q+1 (w) + · · · ,
T (z)W
(h+ 1
2
)
q−1 (w) =
1
(z − w)2 (h+
1
2
)W
(h+ 1
2
)
q−1 (w) +
1
(z − w) ∂ W
(h+ 1
2
)
q−1 (w) + · · · , (B.6)
T (z)W (h+1)q (w) =
1
(z − w)3
q
2
W (h)q +
1
(z − w)2 (h+ 1)W
(h+1)
q (w) +
1
(z − w) ∂ W
(h+1)
q (w)
+ · · · .
For q = 0, the above relations reproduce the previous relations (for example in [46]). For
the nonzero q, the last component current W (h+1)q (w) in Appendix (B.5) is not a primary
current because there exists the third-order pole in the OPE between the stress energy tensor
of spin-2: the last equation of Appendix (B.6). In order to obtain the primary current, one
should consider the following OPE which can be obtained from the fourth equation from the
bottom of Appendix (B.6)
T (z) ∂ W (h)q (w) =
1
(z − w)3 2hW
(h)
q (w) +
1
(z − w)2 (h+ 1) ∂ W
(h)
q (w)
+
1
(z − w) ∂
2W (h)q (w) + · · · , (B.7)
where the third-order pole is nonvanishing. Then it is easy to see that the combination of
W (h+1)q (w)−
q
4h
∂W (h)q (w) (B.8)
is primary current because the third-order pole with the stress energy tensor vanishes 42.
C The first-order poles in the OPEs G±(z)W (2)±23
(w)
In subsection 3.2, we have seen the construction of higher spin-5
2
current. We present here
some details for the first-order poles as follows with (2.2), (3.5) and (3.6):
ψaJa(z) J bM b(w) | 1
(z−w)
= −3N ∂ψaMa(w)− 3
2
χaQa(w),
ψaJa(z) KbM b(w) | 1
(z−w)
= −3
2
χaRa(w),
42 The defining OPEs in Appendix (B.6) can provide how to obtain the remaining three component currents
for given lowest higher spin currentW
(h)
q (z). The fifth relation gives the second component current by reading
off the first-order pole. Similarly the third component current can be determined from the ninth relation of
Appendix (B.6). Finally, the last component current can be obtained either seventh relation or tenth relation.
The first several N = 2 primary currents in the coset model are presented by W(2)± 2
3
(Z), W
( 7
2
)
± 1
3
(Z), W
(4)
0 (Z),
W
( 11
2
)
∓ 1
3
(Z), W
(6)
∓ 2
3
(Z), · · · as in (3.3) or (5.5).
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ψaJa(z) LbM b(w) | 1
(z−w)
=
3
2
fabc χaJ bM c(w)− 3
2
χaUa(w),
ψaKa(z) J bM b(w) | 1
(z−w)
= fabc ψaKbM c(w)−N ψa∂Ma(w)− 1
2
χaRa(w) + ψaUa(w),
ψaKa(z) KbM b(w) | 1
(z−w)
= −2N ∂ψaMa(w)− fabc ψaKbM c(w)− 1
2
χaSa(w) + ψaV a(w),
ψaKa(z) LbM b(w) | 1
(z−w)
=
1
2
fabc χaKbM c(w) + fabc ψaLbM c(w)− 1
2
χaV a(w)
+ ψaW a(w),
χaKa(z) J bM b(w) | 1
(z−w)
=
3
2
ψaRa(w), (C.1)
χaKa(z) KbM b(w) | 1
(z−w)
= −3N ∂χaMa(w) + 3
2
ψaSa(w),
χaKa(z) LbM b(w) | 1
(z−w)
=
3
2
fabc ψaKbM c(w) +
3
2
ψaV a(w),
χaJa(z) J bM b(w) | 1
(z−w)
= −2N ∂χaMa(w)− fabc χaJ bM c(w) + 1
2
ψaQa(w)− χaUa(w),
χaJa(z) KbM b(w) | 1
(z−w)
= fabc χaJ bM c(w) +N ∂χaMa(w) +
1
2
ψaRa(w)− χaV a(w),
χaJa(z) LbM b(w) | 1
(z−w)
=
1
2
fabc ψaJ bM c(w) + fabc χaLbM c(w) +
1
2
ψaUa(w)
− χaW a(w).
As explained before, the last half of the OPEs in Appendix (C.1) can be obtained from the
first half of the OPEs using the symmetry under the exchange of ψa(z)↔ χa(z).
D The first-order poles in the OPEs G∓(z)W (
5
2)
±53
(w)
In subsection 3.4, the higher spin-3 current was obtained. The first-order poles (the total
number is 4× 8 = 32) together with (3.6) are summarized by
ψaJa(z) ψbQb(w) | 1
(z−w)
= 15N dabc ψa∂ψbJc(w),
ψaJa(z) ψbU b(w) | 1
(z−w)
= −3
2
JaUa(w) + 3N dabc ψa∂ψbLc(w) +
3
2
dabcf cde ψaJ bJdχe(w),
ψaJa(z) ψbSb(w) | 1
(z−w)
= −3
2
JaSa(w),
ψaJa(z) ψbV b(w) | 1
(z−w)
= −3
2
JaV a(w) +
3
2
dabcf cde ψaKbJdχe(w),
ψaJa(z) χbQb(w) | 1
(z−w)
= 3N dabc χa∂ψbJc(w) + 3N dabc χaJ b∂ψc(w),
ψaJa(z) χbU b(w) | 1
(z−w)
= 3N dabc χa∂ψbLc(w) +
3
2
dabcf cde χaJ bJdχe(w),
ψaJa(z) χbSb(w) | 1
(z−w)
= + · · · ,
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ψaJa(z) χbV b(w) | 1
(z−w)
=
3
2
dabcf cde χaKbJdχe(w),
ψaKa(z) ψbQb(w) | 1
(z−w)
= −1
2
KaQa(w)− dabcf cde ψaJ bψdKe(w) +N dabc ψa∂ψbKc(w)
− dabcf cde ψaJ bψdKe(w),
ψaKa(z) ψbU b(w) | 1
(z−w)
= −1
2
KaUa(w)− dabcf cde ψa(ψdKe)Lb(w)
+
1
2
dabcf cde ψaJ bKdχe(w)− dabcf cdef efg ψaJ bψdψfχg(w),
ψaKa(z) ψbSb(w) | 1
(z−w)
= −1
2
KaSa(w) +N dabc ψa∂ψbKc(w) + dabcf cde ψa(ψdKe)Kb(w)
+ N dabc ψaKb∂ψc(w) + dabcf cde ψaKbψdKe(w),
ψaKa(z) ψbV b(w) | 1
(z−w)
= −1
2
KaV a(w) +N dabc ψa∂ψbLc(w) + dabcf cde ψa(ψdKe)Lb(w)
+
1
2
dabcf cdeψaKbKdχe(w)− dabcf cdef efgψaKbψdψfχg(w),
ψaKa(z) χbQb(w) | 1
(z−w)
= −fabc (ψaχb)Qc(w)− dabcf cde χaJ bψdKe(w)
+ N dabc χa∂ψbKc(w)
− N ∂KaMa(w)− dabcf cde χaJ bψdKe(w),
ψaKa(z) χbU b(w) | 1
(z−w)
= −fabc (ψaχb)U c(w)− dabcf cde χa(ψdKe)Lb(w)
+
1
2
dabcf cde χaJ bKdχe(w)− dabcf cdef efg χaJ bψdψfχg(w),
ψaKa(z) χbSb(w) | 1
(z−w)
= −fabc (ψaχb)Sc(w) +N dabc χa∂ψbKc(w)
+ dabcf cde χa(ψdKe)Kb(w)
+ N dabc χaKb∂ψc(w) + dabcf cde χaKbψdKe(w),
ψaKa(z) χbV b(w) | 1
(z−w)
= −fabc (ψaχb)V c(w) +N dabc χa∂ψbLc(w)
+ dabcf cde χa(ψdKe)Lb(w)
+
1
2
dabcf cde χaKbKdχe(w)− dabcf cdef efg χaKbψdψfχg(w),
χaKa(z) ψbQb(w) | 1
(z−w)
= + · · · ,
χaKa(z) ψbU b(w) | 1
(z−w)
=
3
2
dabcf cdeψaJ bKdψe(w),
χaKa(z) ψbSb(w) | 1
(z−w)
= 3N dabc ψa∂χbKc(w) + 3N dabc ψaKb∂χc(w),
χaKa(z) ψbV b(w) | 1
(z−w)
= 3N dabc ψa∂χbLc(w) +
3
2
dabcf cde ψaKbKdψe(w),
χaKa(z) χbQb(w) | 1
(z−w)
= −3
2
KaQa(w),
χaKa(z) χbU b(w) | 1
(z−w)
= −3
2
KaUa(w) +
3
2
dabcf cde χaJ bKdψe(w),
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χaKa(z) χbSb(w) | 1
(z−w)
= 15N dabc χa∂χbKc(w),
χaKa(z) χbV b(w) | 1
(z−w)
= −3
2
KaV a(w) + 3N dabc χa∂χbLc(w)
+
3
2
dabcf cde χaKbKdψe(w),
χaJa(z) ψbQb(w) | 1
(z−w)
= −fabc (χaψb)Qc(w) +N dabc ψa∂χbJc(w)
+ dabcf cde ψa(χdJe)J b(w)
+ N dabc ψaJ b∂χc(w) + dabcf cde ψaJ bχdJe(w),
χaJa(z) ψbU b(w) | 1
(z−w)
= −fabc (χaψb)U c(w) +N dabc ψa∂χbLc(w)
+ dabcf cde ψa(χdJe)Lb(w)
+
1
2
dabcf cde ψaJ bJdψe(w)− dabcf cdef efg ψaJ bχdχfψg(w),
χaJa(z) ψbSb(w) | 1
(z−w)
= −fabc (χaψb)Sc(w)− dabcf cde ψaKbχdJe(w)
+ N dabc ψa∂χbJc(w) +N ∂JaMa(w)− dabcf cde ψaKbχdJe(w),
χaJa(z) ψbV b(w) | 1
(z−w)
= −fabc (χaψb)V c(w)− dabcf cde ψa(χdJe)Lb(w)
+
1
2
dabcf cde ψaKbJdψe(w)− dabcf cdef efg ψaKbχdχfψg(w),
χaJa(z) χbQb(w) | 1
(z−w)
= −1
2
JaQa(w) +N dabc χa∂χbJc(w) + dabcf cdeχa(χdJe)J b(w)
+ N dabc χaJ b∂χc(w) + dabcf cde χaJ bχdJe(w),
χaJa(z) χbU b(w) | 1
(z−w)
= −1
2
JaUa(w) +N dabc χa∂χbLc(w) + dabcf cde χa(χdJe)Lb(w)
+
1
2
dabcf cdeχaJ bJdψe(w)− dabcf cdef efg χaJ bχdχfψg(w),
χaJa(z) χbSb(w) | 1
(z−w)
= −1
2
JaSa(w)− dabcf cde χaKbχdJe(w) +N dabc χa∂χbJc(w)
− dabcf cde χaKbχdJe(w),
χaJa(z) χbV b(w) | 1
(z−w)
= −1
2
JaV a(w)− dabcf cde χa(χdJe)Lb(w)
+
1
2
dabcf cde χaKbJdψe(w)− dabcf cdef efg χaKbχdχfψg(w). (D.1)
In this case, one can use the symmetry between ψa(z) and χa(z). That is, the last half of
these OPEs in Appendix (D.1) can be obtained from the first half of those OPEs. In order to
obtain the final higher spin-3 current, we should simplify these expressions in terms of fully
normal ordered product [40, 41]. We present some useful identities (which can be checked
using the Jacobi identities between the f and d symbols) as follows:
dbcdf def ψbJcJeχf (w) = −1
2
dabcJaJ bLc(w) +
N
2
∂JaMa(w) +NdabcJa∂ψbχc(w),
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dbcdf def ψbKcJeχf (w) = −dabcKaJ bLc(w) +NdabcKa∂ψbχc(w)
− 2NdabcψaJ b∂χc(w),
dbcdf def χbJcJeχf (w) = −1
2
dabcJaJ bKc(w),
dbcdf def χbKcJeχf (w) = −3Ndabcχa∂χbJc(w)− dabcJaKbKc(w),
dbcdf cae ψbJdψeKa(w) = −dabcJaJ bKc(w)− 3Ndabcψa∂ψbKc(w),
dbcdf caef defψb∂(ψfKa)(w) = −Ndabcψa∂ψbKc(w),
dbcdf dae ψbJcψeKa(w) = −dabcJaJ bKc(w)− 3Ndabcψa∂ψbKc(w),
dbcdf def ψbJcKeχf (w) = 2NdgbcψbJcψχg(w),
dbcdf deff fagψbJcψeψaχg(w) = −dbcdddafψbJcψaMf (w),
dbcdf caeψb(ψaKe)Kd(w) =
1
2
dabcJaKbKc(w) +Ndabcψa∂ψbKc(w),
dbcdf daeψbKcψaKe(w) =
1
2
dabcJaKbKc(w),
dbcdf cefψb(ψeKf)Ld(w) = −N
2
dabcψa∂χbKc(w)− N
2
∂KaMa(w)− N
2
∂MaJa(w)
− N
4
Ma∂Ja(w) +
N
2
dabcψa∂ψbLc(w)
+ dbcdf cefψbLdψeKf (w),
dbcdf defψbKcKeχf (w) = 2Ndabcψa∂χbKc(w),
dbcdf caeχbJdψeKa(w) = −NddgeJdψe∂χg − dabcJaKbLc(w)− 2Ndabcχa∂ψbKc(w),
f caef defdbcdχb∂(ψfKa)(w) = −Ndabcχa∂ψbKc(w) +N∂KaMa(w),
f daedbcdχbJcψeKa(w) = −Ndabcψa∂χbJc(w)− dabcJaKbLc(w)
− 2Ndabcχa∂ψbKc(w),
f bfgdbcd(ψfχg)(JcLd) = dabcLaJ bLc(w),
f defdbcdχbJcKeχf (w) = 2Ndabcχa∂χbJc(w),
dbcdf cfgχb(ψfKg)Kd(w) = dbcdf cfgχbKdψfKg(w)−Ndabc∂ψaχbKc(w)
− N∂KaMa(w),
dbcdf dfgχbKcψfKg(w) = −Ndabcψa∂χbKc(w) +N∂KaMa(w),
f cefdbcdχb(ψfKe)Ld(w) = f cefdbcdχbLdψfKe(w) +
N
2
dabcχa∂χbKc(w) +
N
2
∂MaLa(w)
+
N
2
fabc∂ψaχbM c(w) +
N
2
∂LaMa(w) +
N
2
dabc∂ψaχbLc(w),
dbcdf bfg(ψfχg)(KcLd)(w) = dabcLaKbLc(w),
dbcdf cefχb(ψeKf)Ld(w) = −f cefdbcdχbLdψfKe(w)− N
2
dabcχa∂χbKc(w)
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− N
2
∂MaLa(w)
− N
2
fabc∂ψaχbM c(w)− N
2
∂LaMa(w)− N
2
dabc∂ψaχbLc(w),
dbcdf defχbKcKeχf (w) = 2Ndabcχa∂χbKc(w),
dbcdf defχbJcψeLf (w) = −1
4
dabcJaJ bKc(w),
dbcdf defχbKcψeLf (w) = −1
2
dabcJaKbKc(w)− 3N
2
dabcψa∂χbLc(w)
+
3N
2
fabcψa∂χbM c(w),
dbcdf defψbKcψeLf (w) = −1
2
dabcJaKbLc(w) +
N
2
dabc∂ψaχbKc(w)
− Ndabcψa∂χbJc(w),
dbcdf cefψbLdψfKe(w) = −3
2
dabcJaKbLc(w) +
N
2
dabcψa∂ψbLc(w)
+
3N
2
dabc∂ψaχbKc(w)
− 3N
2
dabcψa∂χbJc(w)− N
2
dabcψa∂χbKc(w)− N
4
∂JaMa(w),
dbcdf cefχbLdψfKe(w) = −dabcKaLbLc(w)− 1
2
dabcJaKbKc(w) +
1
6
dabcKaKbKc(w)
− 3Ndabcψa∂χbLc(w)−Nfabc∂ψaχbM c(w)
+ Nfabcψa∂χbM c(w),
dabcKaKbLc(w) = −N∂KaMa(w)− 4Ndabcχa∂χbLc(w),
∂MaJa(w) =
1
2
∂JaMa(w)− dabcψa∂ψbLc(w) + dabcψa∂χbJc(w),
∂MaLa(w) = dabc∂ψaχbLc(w) + dabcψa∂χbLc(w),
∂LaMa(w) = −dabcχa∂χbJc(w) + dabcψa∂χbLc(w) + dabcψa∂ψbKc(w)
+ dabc∂ψaχbLc(w),
∂MaKa(w) = dabc∂ψaχbKc(w) + dabcχa∂χbLc(w) +
1
2
∂KaMa(w),
dabcχa∂χbLc(w) = dabcψa∂χbKc(w)− 1
2
Ma∂Ka(w),
fabcψa∂χbM c(w) = −dabcJaχb∂χc(w) + dabcψa∂χbLc(w),
dabcJa∂ψbχc(w) =
1
2
∂JaMa(w)− dabcψa∂ψbLc(w),
fabc∂ψaχbM c(w) = dabcψa∂ψbKc(w) + dabc∂ψaχbLc(w),
dabc∂ψaχbJc(w) =
1
2
∂JaMa(w)− dabcψa∂ψbLc(w),
dabcLaJ bLc(w) = dabcJaLbLc(w)−Ndabc∂ψaχbLc(w)−Ndabcψa∂χbLc(w),
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dabcLaKbLc(w) = dabcKaLbLc(w) +Ndabcψa∂χbLc(w) +Ndabc∂ψaχbLc(w),
dabcLaJ bJc(w) = dabcJaJ bLc(w)−N∂JaMa(w) + 2Ndabcψa∂ψbLc(w)
− 2Ndabcψa∂χbJc(w),
dabcLaKbKc(w) = dabcKaKbLc(w) +N∂KaMa(w) + 2Ndabcχa∂χbLc(w)
− 2Ndabcχa∂ψbKc(w). (D.2)
E The first-order poles in the OPEs W
(2)
±23
(z)W
(52)
∓13
(w)
Let us consider the higher spin-7
2
current with q = 1
3
or q = −1
3
. According to the section
5, one should calculate the OPE between W
(2)
± 2
3
(z) and W
( 5
2
)
∓ 1
3
(w). The first-order poles of
3× 10 = 30 OPEs are given by
JaMa(z) ψbQb(w) | 1
(z−w)
= fabc (ψaM b)Qc(w) +
1
2
dabc (Jaχb)Qc(w)
−2N dabc ψa∂M bJc(w)
+dabcf cde ψa(JdMe)J b(w) + dabcddeff cdg ψe(Jaψgχb)Jf(w)
−2N dabc ψaJ b∂M c(w) + dabcf cde ψaJ bJdMe(w)
+dabcddeff cdg ψeJfJaψgχb(w),
JaMa(z) ψbU b(w) | 1
(z−w)
= fabc (ψaM b)U c(w) +
1
2
dabc (Jaχb)U c(w)
−2N dabc ψa∂M bLc(w)
+dabcf cde ψa(JdMe)Lb(w) + dabcddeff cdg ψe(Jaψgχb)Lf (w)
+dabcf cdef efg ψaJ b(ψgχd)Mf (w) +
1
2
dabcddeff cdg ψeJfJaχgχb(w),
−1
2
dabcddeff cdg ψdJeJaψgψb(w),
JaMa(z) ψbSb(w) | 1
(z−w)
= fabc (ψaM b)Sc(w) +
1
2
dabc (Jaχb)Sc(w)
−dabcddeff cdg ψa(Jeψfχg)Kb(w)− dabcddeff cdg ψaJeKbψfχg(w),
JaMa(z) ψbV b(w) | 1
(z−w)
= fabc (ψaM b)V c(w) +
1
2
dabc (Jaχb)V c(w)
−dabcddeff cdg ψa(Jeψfχg)Lb(w) + dabcf cdef efg ψaKb(ψgχd)Mf (w)
−1
2
dabcddeff cdg ψaKbJeχgχf(w) +
1
2
dabcddeff cdg ψaKbJeψgψf(w),
JaMa(z) χbQb(w) | 1
(z−w)
= −1
2
dabc (Jaψb)Qc(w)− 2N dabc χa∂M bJc(w)
+dabcf cde χa(JdMe)J b(w) + dabcddeff cdg χe(Jaψgχb)Jf (w)
−2N dabc χaJ b∂M c(w) + dabcf cde χaJ bJdMe(w)
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+dabcddeff cdg χeJfJaψgχb(w),
JaMa(z) χbU b(w) | 1
(z−w)
= −1
2
dabc (Jaψb)U c(w)− 2N dabc χa∂M bLc(w)
+dabcf cde χa(JdMe)Lb(w) + dabcddeff cdg χe(Jaψgχb)Lf (w)
+dabcf cdef efg χaJ b(ψgχd)Mf (w) +
1
2
dabcddeff cdg χeJfJaχgχb(w)
−1
2
dabcddeff cdg χeJfJaψgψb(w),
JaMa(z) χbSb(w) | 1
(z−w)
= −1
2
dabc (Jaψb)Sc(w)
−dabcddeff cdg χa(Jeψfχg)Kb(w)− dabcddeff cdg χaJeKbψfχg(w),
JaMa(z) χbV b(w) | 1
(z−w)
= −1
2
dabc (Jaψb)V c(w)
−dabcddeff cdg χa(Jeψfχg)Lb(w) + dabcf cdef efg χaKb(ψgχd)Mf (w)
−1
2
dabcddeff cdg χaKbJeχgχf(w) +
1
2
dabcddeff cdg χaKbJeψgψf (w),
JaMa(z) ψbRb(w) | 1
(z−w)
= fabc (ψaM b)Rc(w) +
1
2
dabc (Jaχb)Rc(w)
−2Ndabc ψa∂M bKc(w)
+dabcf cde ψa(JdMe)Kb(w) + dabcddeff cdg ψe(Jaψgχb)Kf(w)
−dabcddeff cdg ψaJ bJeψfχg(w),
JaMa(z) χbW b(w) | 1
(z−w)
= −1
2
dabc (Jaψb)W c(w)
+dabcf cdef efg χa((ψgχd)Mf )Lb(w)
+
1
2
dabcddeff cdg χe(Jaχgχb)Lf (w)
−1
2
dabcddeff cdg χe(Jaψgψb)Lf (w) + dabcf cdef efg χaLb(ψgχd)Mf (w)
+
1
2
dabcddeff cdgχeLfJaχgχb(w)− 1
2
dabcddeff cdgχeLfJaψgψb(w),
KaMa(z) ψbQb(w) | 1
(z−w)
=
1
2
dabc (Kaχb)Qc(w)
+dabcddeff cdg ψa(Keχfψg)J b(w) + dabcddeff cdg ψaKeJ bχfψg(w),
KaMa(z) ψbU b(w) | 1
(z−w)
=
1
2
dabc (Kaχb)U c(w)
+dabcddeff cdg ψa(Keχfψg)Lb(w) + dabcf cdef efg ψaJ b(χgψd)Mf (w)
+
1
2
dabcddeff cdg ψaJ bKeψgψf(w)− 1
2
dabcddeff cdg ψaJ bKeχgχf(w),
KaMa(z) ψbSb(w) | 1
(z−w)
=
1
2
dabc (Kaχb)Sc(w)− 2N dabc ψa∂M bKc(w)
+dabcf cde ψa(KdMe)Kb(w)− dabcddeff cdg ψe(Kaχgψb)Kf(w)
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−2N dabc ψaKb∂M c(w) + dabcf cde ψaKbKdMe(w)
−dabcddeff cdg ψeKfKaχgψb(w),
KaMa(z) ψbV b(w) | 1
(z−w)
= −1
2
dabc (Kaχb)V c(w)− 2N dabc ψa∂M bLc(w)
+dabcf cde ψa(KdMe)Lb(w) + dabcddeff cdg ψe(Kaχgψb)Lf (w)
+dabcf cdef efg ψaKb(χgψd)Mf (w)
+
1
2
dabcddeff cdg ψeKfKaψgψb(w),
KaMa(z) χbQb(w) | 1
(z−w)
= fabc (χaM b)Qc(w)− 1
2
dabc (Kaψb)Qc(w)
+dabcddeff cdg χa(Keχfψg)J b(w) + dabcddeff cdg χaKeJ bχfψg(w),
KaMa(z) χbU b(w) | 1
(z−w)
= fabc (χaM b)U c(w)− 1
2
dabc (Kaψb)U c(w)
+dabcddeff cdg χa(Keχfψg)Lb(w) + dabcf cdef efg χaJ b(χgψd)Mf (w)
+
1
2
dabcddeff cdg χaJ bKeψgψf(w)− 1
2
dabcddeff cdg χaJ bKeχgχf (w),
KaMa(z) χbSb(w) | 1
(z−w)
= fabc (χaM b)Sc(w)− 1
2
dabc (Kaψb)Sc(w)
−2N dabc χa∂M bKc(w)
+dabcf cde χa(KdMe)Kb(w)− dabcddeff cdg χe(Kaχgψb)Kf(w)
−2N dabc χaKb∂M c(w) + dabcf cde χaKbKdMe(w)
−dabcddeff cdg χeKfKaχgψb(w),
KaMa(z) χbV b(w) | 1
(z−w)
= fabc (χaM b)V c(w)− 1
2
dabc (Kaψb)V c(w)
−2N dabc χa∂M bLc(w)
+dabcf cde χa(KdMe)Lb(w)− dabcddeff cdg χe(Kaχgψb)Lf (w)
+dabcf cdef efg χaKb(χgψd)Mf (w)− 1
2
dabcddeff cdg χeKfKaψgψb(w),
KaMa(z) ψbRb(w) | 1
(z−w)
=
1
2
dabc (Kaχb)Rc(w)− 2N dabc ψa∂M bJc(w)
−dabcf cdeψa(KeMd)J b(w)
+dabcddeff cdg ψa(Keχgψf)J b(w) + dabcddeff cdg ψaKbKeχfψg(w),
KaMa(z) χbW b(w) | 1
(z−w)
= fabc (χaM b)W c(w)− 1
2
dabc (Kaψb)W c(w)
+dabcf cdef efgχa((χgψd)Mf )Lb(w)
+
1
2
dabcddeff cdgχa(Keψgψf )Lb(w)
+
1
2
dabcddeff cdgχa(Keχgχf)Lb(w) + dabcf cdef efg χaLb(χgψd)Mf (w)
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+
1
2
dabcddeff cdgχaLbKeψgψf (w)− 1
2
dabcddeff cdgχaLbKeχgχf(w),
LaMa(z) ψbQb(w) | 1
(z−w)
= −1
2
fabc (χaM b)Qc(w) +
1
2
dabc (Laχb)Qc(w)
+dabcf deff cdg ψa(Meψgχf )J b(w)− dabcddeff cdg ψa(Leψgχf)J b(w)
+dabcf deff cdg ψaJ bMeψgχf(w)− dabcf deff cdg ψaJ bLeψgχf (w),
LaMa(z) ψbU b(w) | 1
(z−w)
=
1
2
fabc(χaM b)U b(w) +
1
2
dabc(Laχb)U c(w)
+dabcf deff cdg ψa((ψgχf)Me)Lb(w)− dabcddeff cdg ψa(Leψgχf)Lb(w)
−N dabc ψaJ b∂M c(w) + 1
4
dabcf cdeψaJ bJdMe(w)
+
1
4
dabcf cde ψaJ bKdMe(w)− 1
2
dabcddeff cdg ψaJ bLeχgχf(w)
+
1
2
dabcddeff cdg ψaJ bLeψgψf(w),
LaMa(z) ψbSb(w) | 1
(z−w)
=
1
2
fabc (χaM b)Sc(w) +
1
2
dabc (Laχb)Sc(w)
−dabcf deff cdg ψa((ψfχg)Me)Kb(w)− dabcddeff cdg ψa(Leψfχg)Kb(w)
−dabcf deff cdgψaKb(ψfχg)Me(w)− dabcddeff cdg ψaKbLeψfχg(w),
LaMa(z) ψbV b(w) | 1
(z−w)
=
1
2
fabc (χaM b)V c(w) +
1
2
dabc (Laχb)V c(w)
−dabcf deff cdg ψa((ψfχg)Me)Lb(w)− dabcddeff cdg ψa(Leψfχg)Lb(w)
−N dabc ψaKb∂M c(w) + 1
4
dabcf cde ψaKbJdMe(w)
+
1
4
dabcf cde ψaKbKdMe(w)− 1
2
dabcddeff cdg ψaKbLeχgχf(w)
+
1
2
dabcddeff cdg ψaKbLeψgψf(w),
LaMa(z) χbQb(w) | 1
(z−w)
=
1
2
fabc (ψaM b)Qc(w)− 1
2
dabc (Laψb)Qc(w)
−dabcf deff cdg χa((χfψg)Me)J b(w) + dabcddeff cdg χa(Leχfψg)J b(w)
−dabcf deff cdgχaJ b(χfψg)Me(w) + dabcddeff cdg χaJ bLeχfψg(w),
LaMa(z) χbU b(w) | 1
(z−w)
=
1
2
fabc (ψaM b)U c(w)− 1
2
dabc (Laψb)U c(w)
−dabcf deff cdg χa((χfψg)Me)Lb(w) + dabcddeff cdg χa(Leχfψg)Lb(w)
−N dabc χaJ b∂M c(w) + 1
4
dabcf cde χaJ bKdMe(w)
+
1
4
dabcf cde χaJ bJdMe(w) +
1
2
dabcddeff cdg χaJ bLeψgψf (w)
−1
2
dabcddeff cdg χaJ bLeχgχf(w),
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LaMa(z) χbSb(w) | 1
(z−w)
= −1
2
fabc (ψaM b)Sc(w)− 1
2
dabc (Laψb)Sc(w)
+dabcf deff cdg χa(Meχgψf)Kb(w) + dabcddeff cdg χa(Leχgψf )Kb(w)
+dabcf deff cdg χaKbMeχgψf(w) + dabcf deff cdg χaKbLeχgψf(w),
LaMa(z) χbV b(w) | 1
(z−w)
=
1
2
fabc(ψaM b)V b(w)− 1
2
dabc(Laψb)V c(w)
+dabcf deff cdg χa((χgψf)Me)Lb(w) + dabcddeff cdg χa(Leχgψf)Lb(w)
−N dabc χaKb∂M c(w) + 1
4
dabcf cdeχaKbKdMe(w)
+
1
4
dabcf cde χaKbJdMe(w) +
1
2
dabcddeff cdg χaKbLeψgψf (w)
−1
2
dabcddeff cdg χaKbLeχgχf(w),
LaMa(z) ψbRb(w) | 1
(z−w)
=
1
2
fabc (χaM b)Rc(w) +
1
2
dabc (Laχb)Rc(w)
+dabcf deff cdg ψa((ψgχf)Me)Kb(w)− dabcddeff cdg ψa(Leψgχf)Kb(w)
−dabcf deff cdg ψaJ b(ψfχg)Me(w)− dabcddeff cdg ψaJ bLeψfχg(w),
LaMa(z) χbW b(w) | 1
(z−w)
=
1
2
fabc (ψaM b)W c(w)− 1
2
dabc (Laψb)W c(w)
−N dabc χa∂M bLc(w)
+
1
4
dabcf cdeχa(JdMe)Lb(w) +
1
4
dabcf cdeχa(KdMe)Lb(w)
−1
2
dabcddeff cdg χa(Leχgχf)Lb(w) +
1
2
dabcddeff cdg χa(Leψgψf )Lb(w)
−N dabc χaLb∂M c(w) + 1
4
dabcf cde χaLbJdMe(w)
+
1
4
dabcf cde χaLbKdMe(w)− 1
2
dabcddeff cdg χaLbLeχgχf (w)
+
1
2
dabcddeff cdg χaLbLeψgψf(w). (E.1)
As noticed before, the half of them in Appendix (E.1) are obtained from the remaining ones
using the symmetry under ψa(z) ↔ χa(z). In order to obtain the complete form for the
higher spin-7
2
currents, the fully normal ordered products from the intermediate expressions
in Appendix (E.1) are needed.
For example, fabc(ψaM b)Qc(w) should be simplified further. That is, this can be written
as fabc(ψaM b)Qc(w) = fabcQc(ψaM b)(w)−fabc[Qc, ψaM b](w). In order to simplify the second
term, one should calculate the OPE Qc(z)ψaM b(w). This becomes
Qc(z)ψaM b(w) = − 1
(z − w)2 3(N
2 − 4)χaJa(w)
+
1
(z − w)
[
−2(N2 − 4) ∂χaJa − 4(N2 − 4)χa∂Ja
58
+ 2N dabcψaM bJc + 2(N2 − 4) ∂ψaLa
]
(w) + · · · . (E.2)
From Appendix (E.2), the above commutator can be obtained and the final result can be
written as
fabc(ψaM b)Qc(w) = fabcQcψaM b(w) +
1
2
(N2 − 4) ∂2χaJa(w) + 3(N2 − 4) ∂χa∂Ja(w)
+
5
2
(N2 − 4)χa∂2Ja(w)− 2N dabc∂(ψaM bJc)(w)
− 2(N2 − 4) ∂(∂ψaLa)(w). (E.3)
The fourth term of the first equation of Appendix (E.1) should be simplified further as done
in Appendix (E.3). This can be written as dabcf cde ψa(JdMe)J b(w) = dabcf cde ψaJ bJdMe(w)−
dabcf cde ψa[J b, JdMe](w). For the commutator in this relation, the following OPE should be
calculated as follows:
J b(z) JdMe(w) =
1
(z − w)2
[
−NδbdMe − f bde′f e′c′′e′′ded′′e′′ψc′′χd′′
]
(w)
+
1
(z − w)
[
f bde
′
Je
′
Me − f bc′e′ded′e′Jdψc′χd′
]
(w) + · · · . (E.4)
In order to obtain the above commutator, one should use Appendices (A.6), (A.7) and (A.15)
of [42] in Appendix (E.4). Then one can easily see that this becomes 1
2
(N2 − 4)ψa∂2La +
N
2
dabcψa∂(J bM c) + N
2
dabcdcdeψa∂(Jdψeχb)− N
2
dabcdcdeψa∂(Jdψbχe) 43.
One can analyze the second term of the second equation of Appendix (E.1) which is
given by dabc (Jaχb)U c(w). This can be written as dabc (Jaχb)U c(w) = dabc UaJ bχc(w) −
dabc [U c, Jaχb](w). As before, one should know the OPE U c(z) (Jaχb)(w) in order to calculate
the above commutator. It turns out that
U c(z) dabc Jaχb(w) = − 1
(z − w)2 3(N
2 − 4)χaLa(w)
+
1
(z − w)
[
−(N2 − 4) ∂ψaJa − 3(N2 − 4)χa∂La
+
(N2 − 4)
N
fabcχaJ bLc +
4(4−N2)
N2
χaJaψbχb (E.5)
+
(8−N2)
2N
dabcdcde χaJ bψdχe − N
2
dabcdcdeχaJdψbχe
]
(w) + · · · .
Here we used the fact that the expression fac
′e′f e
′d′ededcdcbaχbJdψc
′
χd
′
(w) is equal to the last
three terms of the first-order pole in Appendix (E.5) with the help of Appendix (A.14) of
43 For the fifth term of the first equation of Appendix (E.1), the property of Appendix (A.11) of [42] can
be used. When we simplify the last term of the first equation of Appendix (E.1), Appendix (A.10) of [42] is
used.
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[42]. Then it is straightforward to express the above commutator using the OPE in Appendix
(E.5).
F The singular terms in the OPE W
(2)
2
3
(z)W
(2)
−23
(w)
In section 6, one of the OPEs between the higher spin currents is given. We would like to
present the OPE between the higher spin-2 currentsW
(2)
± 2
3
(z). The six OPEs (rather than nine
OPEs) are given by
JaMa(z) J bM b(w) =
1
(z − w)4 (N
2 − 4)(N2 − 1)
+
1
(z − w)2
[
−3N MaMa + (N
2 − 4)
2N
JaKa − 3(N
2 − 4)
4N
JaJa +
(N2 − 4)
4N
KaKa
]
(w)
+O( 1
(z − w)) + · · · ,
JaMa(z) KbM b(w) =
1
(z − w)2
[
N MaMa − 3(N
2 − 4)
2N
JaKa − (N
2 − 4)
4N
JaJa − (N
2 − 4)
4N
KaKa
]
(w)
+O( 1
(z − w)) + · · · ,
JaMa(z) LbM b(w) = − 1
(z − w)3 2(N
2 − 4)ψaχa(w)− 1
(z − w)2 2(N
2 − 4)∂ψaχa(w)
+O( 1
(z − w)) + · · · ,
KaMa(z) KbM b(w) =
1
(z − w)4 (N
2 − 4)(N2 − 1)
+
1
(z − w)2
[
−3N MaMa + (N
2 − 4)
2N
JaKa − 3(N
2 − 4)
4N
KaKa +
(N2 − 4)
4N
JaJa
]
(w)
+O( 1
(z − w)) + · · · ,
KaMa(z) LbM b(w) =
1
(z − w)3 2(N
2 − 4)ψaχa(w) + 1
(z − w)2 2(N
2 − 4)ψa∂χa(w)
+O( 1
(z − w)) + · · · ,
LaMa(z) LbM b(w) =
1
(z − w)4
1
2
(N2 − 4)(N2 − 1)
+
1
(z − w)2
[
−2N MaMa + (N
2 − 4)
4N
JaKa +
3(N2 − 4)
8N
JaJa
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+
3(N2 − 4)
8N
KaKa − 3(N
2 − 4)
2N
LaLa
]
(w) +O( 1
(z − w)) + · · · . (F.1)
We did not present the first-order poles in Appendix (F.1). One can use the symmetry under
the transformation ψa(z) ↔ χa(z). Then one can check (6.2) by using the above results
in Appendix (F.1) with correct coefficients. For the first-order poles, one resorts to the
description of section 7.
G The details for the OPEs between the higher spin
currents in N = 2 superspace
In this Appendix, the N = 2 description for the OPEs between the higher spin currents are
given based on the section 7.
G.1 The OPEs W
(2)
± 23 (Z1)W
(72 )
± 13 (Z2)
The OPE between the first higher spin N = 2 multiplet and the third higher spin N = 2
multiplet in (3.3) can be summarized by
W
(2)
2
3
(Z1)W
( 7
2
)
1
3
(Z2) = C
(4)+
(2) ( 7
2
)
(
θ¯12
z212
W
(4)
0 (Z2)−
θ12 θ¯12
z212
7
24
DW
(4)
0 (Z2)
− 1
z12
1
4
DW
(4)
0 (Z2) +
θ¯12
z12
[
1
24
[D,D]W
(4)
0 +
3
8
∂W
(4)
0
]
(Z2)
+
θ12 θ¯12
z12
[
− 5(c− 3)
36(c+ 9)
∂DW
(4)
0 +
20
3(c+ 9)
DTW
(4)
0 −
5
3(c+ 9)
TDW
(4)
0
]
(Z2)
)
+ · · · .(G.1)
Similarly, the OPE between the first higher spin N = 2 multiplet and the fourth higher spin
N = 2 multiplet in (3.3) can be described by
W
(2)
2
3
(Z1)W
( 7
2
)
− 1
3
(Z2) = C
(2)+
(2) ( 7
2
)
(
θ¯12
z412
W
(2)
− 2
3
(Z2) +
θ12 θ¯12
z412
c2DW
(2)
− 2
3
(Z2) +
1
z312
c3DW
(2)
− 2
3
(Z2)
+
θ¯12
z312
[
c4 [D,D]W
(2)
− 2
3
+ c5TW
(2)
− 2
3
+ c6 ∂W
(2)
− 2
3
]
(Z2)
+
θ12 θ¯12
z312
[
c7 ∂DW
(2)
− 2
3
+ c8TDW
(2)
− 2
3
+ c9DTW
(2)
− 2
3
]
(Z2)
+
1
z212
[
c10 ∂DW
(2)
− 2
3
+ c11 TDW
(2)
− 2
3
+ c12DTW
(2)
− 2
3
]
(Z2) +
θ12
z212
c13DTDW
(2)
− 2
3
(Z2)
+
θ¯12
z212
[
c14 ∂[D,D]W
(2)
− 2
3
+ c15 T[D,D]W
(2)
− 2
3
+ c16TTW
(2)
− 2
3
+ c17T∂W
(2)
− 2
3
+ c18DTDW
(2)
− 2
3
+ c19 [D,D]TW
(2)
− 2
3
+ c20DTDW
(2)
− 2
3
+ c21 ∂TW
(2)
− 2
3
+ c22 ∂
2
W
(2)
− 2
3
]
(Z2)
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+
θ12 θ¯12
z212
[
c23 ∂
2DW
(2)
− 2
3
+ c24T∂DW
(2)
− 2
3
+ c25TTDW
(2)
− 2
3
+ c26 [D,D]TDW
(2)
− 2
3
+ c27DT[D,D]W
(2)
− 2
3
+ c28DT∂W
(2)
− 2
3
+ c29 ∂TDW
(2)
− 2
3
+ c30 ∂DTW
(2)
− 2
3
+ c31TDTW
(2)
− 2
3
]
(Z2)
+
1
z12
[
c32 ∂
2DW
(2)
− 2
3
+ c33T∂DW
(2)
− 2
3
+ c34 TTDW
(2)
− 2
3
+ c35 TDTW
(2)
− 2
3
+ c36 [D,D]TDW
(2)
− 2
3
+ c37DT[D,D]W
(2)
− 2
3
+ c38DT∂W
(2)
− 2
3
+ c39 ∂DTW
(2)
− 2
3
+ c40 ∂TDW
(2)
− 2
3
]
(Z2)
+
θ12
z12
[
c41TDTDW
(2)
− 2
3
+ c42DT∂DW
(2)
− 2
3
+ c43 ∂DTDW
(2)
− 2
3
]
(Z2)
+
θ¯12
z12
[
c44DTDTW
(2)
− 2
3
+ c45 ∂
2[D,D]W
(2)
− 2
3
+ c46T∂[D,D]W
(2)
− 2
3
+ c47TT[D,D]W
(2)
− 2
3
+c48TTTW
(2)
− 2
3
+ c49 TT∂W
(2)
− 2
3
+ c50TDTDW
(2)
− 2
3
+ c51T[D,D]TW
(2)
− 2
3
+ c52TDTDW
(2)
− 2
3
+c53T∂
2
W
(2)
− 2
3
+ c54DT∂DW
(2)
− 2
3
+ c55 ∂DTDW
(2)
− 2
3
+ c56 [D,D]T[D,D]W
(2)
− 2
3
+c57 [D,D]T∂W
(2)
− 2
3
+ c58 ∂[D,D]TW
(2)
− 2
3
+ c59DT∂DW
(2)
− 2
3
+ c60 ∂DTDW
(2)
− 2
3
+c61 ∂T[D,D]W
(2)
− 2
3
+ c62 ∂TTW
(2)
− 2
3
+ c63 ∂T∂W
(2)
− 2
3
+ c64 ∂
2
TW
(2)
− 2
3
+ c65 ∂
3
W
(2)
− 2
3
]
(Z2)
+
θ12 θ¯12
z12
[
c66 ∂
3DW
(2)
− 2
3
+ c67T∂
2DW
(2)
− 2
3
+ c68TT∂DW
(2)
− 2
3
+ c69TTTDW
(2)
− 2
3
+c70T[D,D]TDW
(2)
− 2
3
+ c71TDT[D,D]W
(2)
− 2
3
+ c72TDT∂W
(2)
− 2
3
+ c73DTDTDW
(2)
− 2
3
+c74 [D,D]T∂DW
(2)
− 2
3
+ c75 ∂[D,D]TDW
(2)
− 2
3
+ c76DT∂[D,D]W
(2)
− 2
3
+ c77DT∂
2
W
(2)
− 2
3
+c78 ∂DT[D,D]W
(2)
− 2
3
+ c79 ∂DT∂W
(2)
− 2
3
+ c80 ∂T∂DW
(2)
− 2
3
+ c81 ∂TTDW
(2)
− 2
3
+c82 ∂
2
TDW
(2)
− 2
3
+ c83 ∂
2DTW
(2)
− 2
3
+ c84 ∂TDTW
(2)
− 2
3
+ c85 ∂DTTW
(2)
− 2
3
+ c86 [D,D]TDTW
(2)
− 2
3
+ c87TTDTW
(2)
− 2
3
]
(Z2)
)
+ · · · , (G.2)
where the coefficients appearing in Appendix (G.2) are given by
c2 = − 1
14
, c3 = −3
7
, c4 =
3
70
, c5 = 0, c6 =
17
70
, c7 = −(2c− 81)
35(c+ 6)
,
c8 = − 93
35(c + 6)
, c9 =
31
5(c + 6)
, c10 = − 3(c − 3)
35(c+ 6)
, c11 = − 27
35(c+ 6)
,
c12 =
9
5(c+ 6)
,
c13 =
15
7(c+ 6)
, c14 =
3(9c4 − 156c3 − 8130c2 + 11704c + 24069)
70(c + 6)(9c − 11)(3c2 + 54c − 169) ,
c15 = − 9(3c
3 − 897c2 + 10517c − 1783)
70(c + 6)(9c − 11)(3c2 + 54c− 169) , c16 = −
234(c + 1)
(9c− 11)(3c2 + 54c− 169) ,
c17 =
3(75c3 − 4617c2 − 55519c + 142773)
70(c + 6)(9c − 11)(3c2 + 54c− 169) , c18 = −
9(381c3 + 3499c2 − 11015c − 11933)
35(c+ 6)(9c − 11)(3c2 + 54c − 169) ,
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c19 = − (87c
2 + 896c− 2271)
10(c + 6)(3c2 + 54c− 169) , c20 =
3(9c3 − 2199c2 + 3345c + 3353)
5(c+ 6)(9c − 11)(3c2 + 54c− 169) ,
c21 = − 3(21c
3 − 671c2 − 13725c + 44167)
10(c + 6)(9c − 11)(3c2 + 54c− 169) ,
c22 =
(90c4 − 1875c3 − 24159c2 + 82747c − 35859)
70(c + 6)(9c − 11)(3c2 + 54c − 169) ,
c23 = −(189c
5 − 10089c4 − 162501c3 + 1083579c2 − 2319700c + 1852098)
140(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c24 = −3(1125c
4 + 1866c3 − 400176c2 + 1289780c − 925103)
70(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c25 = − 9(138c
3 + 3272c2 − 20155c + 16311)
5(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c26 =
5(243c4 − 1872c3 − 22806c2 + 118666c − 129483)
28(c + 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c27 =
3(1188c4 − 5337c3 + 82971c2 − 293445c + 420059)
140(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c28 =
(17550c4 + 358209c3 − 1944915c2 + 3998133c − 3565693)
140(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c29 = −3(9927c
4 + 192834c3 − 69356c2 − 2083236c + 1532827)
140(c + 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c30 =
(3456c4 + 55017c3 − 189063c2 − 196243c + 477781)
10(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c31 =
63(111c3 + 1589c2 − 6025c + 5697)
5(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c32 = −3(27c
5 − 747c4 − 15963c3 + 26637c2 + 60860c − 38166)
70(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c33 = − 9(45c
4 + 678c3 − 8628c2 − 8020c + 29841)
35(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c34 =
54(132c3 + 1258c2 − 995c + 2279)
35(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c35 =
18(63c3 + 237c2 + 3075c − 1499)
5(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c36 =
15(81c4 + 810c3 − 1836c2 − 3428c + 2217)
14(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c37 =
9(54c4 − 3591c3 + 6033c2 + 19605c − 1073)
70(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c38 =
9(180c4 + 8589c3 + 1245c2 − 53167c + 4597)
70(c + 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
c39 =
9(36c4 + 167c3 − 3893c2 + 4967c + 2391)
5(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) ,
63
c40 = −9(261c
4 + 3852c3 + 8902c2 − 41898c − 75809)
70(c + 6)(3c + 2)(9c − 11)(3c2 + 54c− 169) ,
c41 =
18
(c+ 6)(3c + 2)
, c42 =
3(3c − 19)
7(c + 6)(3c + 2)
, c43 =
3(10c + 23)
7(c+ 6)(3c + 2)
,
c44 =
6
35d1(c)
(6c− 5)(12636c5 + 213291c4 − 869547c3 − 1688193c2 + 9155809c − 7487400),
c45 =
3
980d1(c)
(6c − 5)(162c7 − 7785c6 − 221163c5 + 372513c4
+ 2956895c3 − 15133452c2 + 45663254c − 56921328),
c46 = − 9
490d1(c)
(6c− 5)(18c6 − 8007c5 + 199476c4
+ 723368c3 − 5758220c2 + 13579913c − 17090600),
c47 = − 27
245d1(c)
(6c− 5)(600c5 − 920c4 − 68870c3 + 499227c2 − 563431c + 810392),
c48 = − 36
7d1(c)
(c+ 6)(6c − 5)(24c3 − 1413c2 + 7051c − 312),
c49 = − 9
245d1(c)
(6c− 5)(9948c5 + 69578c4 + 6344c3 + 2045165c2 − 3013125c − 9608376),
c50 = − 36
245d1(c)
(6c− 5)(2736c5 + 35961c4 − 367677c3 − 88833c2 + 3519449c − 5809320),
c51 = − 3
35d1(c)
(6c − 5)(486c5 − 12429c4 + 202083c3 − 592713c2 + 1289849c − 929640),
c52 =
18
35d1(c)
(6c− 5)(18c5 − 6807c4 − 46011c3 + 502931c2 − 1728763c + 1726520),
c53 =
3(6c − 5)
490d1(c)
(954c6 − 65019c5 − 954840c4
− 1317980c3 + 20872044c2 − 16574843c − 26680200),
c54 = −9(6c − 5)
245d1(c)
(3510c6 + 4647c5 − 560158c4
+ 1409686c3 + 5284684c2 − 25272657c + 28763240),
c55 = − 3
245d1(c)
(6c− 5)(30456c6 + 555030c5 + 979827c4
− 16722391c3 − 956413c2 + 94359951c − 69377880),
c56 = − 3
980d1(c)
(c+ 6)(6c − 5)(9c − 11)(810c4 − 3699c3 − 69146c2 + 419403c − 575480),
c57 = − 1
980d1(c)
(6c− 5)(119394c6 + 1136979c5 − 5384853c4
− 11413555c3 + 114851475c2 − 255103168c + 161816640),
c58 = − 1
70d1(c)
(6c − 5)(15876c6 + 232614c5 − 454779c4
− 4689629c3 + 12949785c2 − 6736983c − 1874280),
c59 =
3
35d1(c)
(6c− 5)(162c6 − 27603c5 + 45714c4
64
+ 386502c3 − 2695994c2 + 7793319c − 7547864),
c60 =
3
35d1(c)
(6c− 5)(108c6 − 27528c5 − 143997c4
+ 566823c3 + 2483685c2 − 7353379c + 3020920),
c61 = − 9
980d1(c)
(6c− 5)(270c6 − 36843c5 + 8837c4
+ 1993967c3 + 1569217c2 − 23275344c + 17205056),
c62 = − 9
35d1(c)
(6c − 5)(5262c5 + 80377c4 + 188761c3 − 1514111c2 + 181483c + 1936840),
c63 = −3(6c − 5)
980d1(c)
(54c6 + 86325c5 + 18223c4
− 1900127c3 + 7301039c2 + 43132590c − 142114928),
c64 = −(6c− 5)
70d1(c)
(1296c6 − 59886c5 − 1374639c4
+ 1261671c3 + 28832545c2 − 58221783c + 821400),
c65 =
1
2940d1(c)
× (6c− 5)(3726c7 − 198711c6 − 2233857c5 + 6866295c4
+ 30429673c3 − 143190204c2 + 250626670c − 207457968),
c66 = − 1
294d1(c)
(972c8 − 79272c7 + 7731c6 + 10446411c5 − 21084303c4
− 208264183c3 + 891248796c2 − 1200942160c + 537945600),
c67 = − 6
49d1(c)
(864c7 − 32760c6 − 535152c5 + 1699326c4
+ 14157958c3 − 72609371c2 + 112633825c − 57153800),
c68 = − 18
49d1(c)
(396c6 + 93084c5 − 338545c4
− 4056553c3 + 23472490c2 − 42123390c + 24287600),
c69 =
36
7d1(c)
(3312c5 − 4632c4 − 92505c3 + 603674c2 − 1237965c + 784200),
c70 =
15
49d1(c)
(23004c6 − 11124c5 − 989991c4
+ 2728689c3 + 3856415c2 − 18890897c + 14478440),
c71 =
9
49d1(c)
(3996c6 − 54540c5 − 552621c4
+ 3168369c3 − 7758539c2 + 17550647c − 12700760),
c72 =
3
49d1(c)
(66420c6 + 903852c5 − 5656347c4
− 27245901c3 + 212618587c2 − 391025811c + 209729080),
c73 =
6
49d1(c)
(182088c6 + 69984c5 − 3586797c4
+ 2890611c3 − 4721361c2 + 49900535c − 42855000),
65
c74 =
5
98d1(c)
(4860c7 − 173124c6 − 1050993c5 + 8755464c4
+ 907370c3 − 81713274c2 + 149730149c − 78979080),
c75 =
1
98d1(c)
(29160c7 + 501228c6 − 2858976c5 − 8735367c4
+ 85139311c3 − 272136831c2 + 442206735c − 210327000),
c76 =
3
98d1(c)
(3564c7 − 150444c6 − 113949c5 + 2761866c4
− 11202750c3 + 54951740c2 − 120084663c + 72084440),
c77 =
1
98d1(c)
(28836c7 − 502740c6 − 7227999c5 + 24981018c4
+ 124984842c3 − 579844400c2 + 719963079c − 286824920),
c78 =
3
98d1(c)
(6480c7 + 25452c6 + 517908c5 + 2105547c4
− 14714569c3 + 10292323c2 − 2604737c − 250840),
c79 =
1
98d1(c)
(101088c7 + 1972404c6 + 3464640c5 − 39604647c4
− 44660867c3 + 246743165c2 − 54701219c − 84179080),
c80 = − 15
98d1(c)
(3564c7 + 30636c6 − 582069c5 − 569956c4
+ 16379738c3 − 42067358c2 + 31022649c − 2553640),
c81 = − 9
49d1(c)
(28260c6 + 649932c5 − 1011487c4
− 17746275c3 + 57026779c2 − 46205105c + 3639400),
c82 = − 1
98d1(c)
(124416c7 + 2668572c6 + 4393764c5 − 86497545c4
+ 20413401c3 + 667925879c2 − 1085835075c + 458100600),
c83 =
2
7d1(c)
(5508c7 + 67923c6 − 86064c5 − 1427376c4
+ 1333962c3 + 13913834c2 − 34980625c + 18308200),
c84 =
6
7d1(c)
(15984c6 + 320931c5 − 444090c4
− 8473867c3 + 25850560c2 − 19328210c + 2659600),
c85 =
12
7d1(c)
(4644c6 + 92313c5 + 105393c4 − 2228802c3 + 4284334c2 − 4512340c + 1734400),
c86 = − 2
7d1(c)
(9c− 11)(7776c5 + 26487c4 − 282471c3 + 347798c2 + 376350c − 583600),
c87 = − 36
7d1(c)
(7488c5 + 2082c4 − 212150c3 + 976741c2 − 2519915c + 1814200),
d1(c) ≡ (c+ 6)(3c + 2)(6c − 5)(9c − 11)(2c2 + 9c− 40)(3c2 + 54c− 169). (G.3)
In the large c limit, all the nonlinear terms associated with the coefficients in Appendix (G.3)
disappear. One can also analyze the 1
c
, · · · , 1
c3
-terms. We introduce d1(c) in Appendix (G.3)
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which appears in the denominators of the coefficients. The OPE between the second higher
spin N = 2 multiplet and the third higher spin N = 2 multiplet in (3.3) can be written as
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+ · · · , (G.4)
where the coefficients in Appendix (G.4) can be written in terms of previous ones ci in
Appendix (G.3) and are given by
d2 = −c2, d3 = c3, d4 = −c4, d5 = 0, d6 = c6, d7 = −c7,
d8 = c8, d9 = c9, d10 = c10, d11 = −c11, d12 = −c12, d13 = −c13,
d14 = −c14, d15 = c15, d16 = c16, d17 = −c17, d18 = −c18, d19 = c19,
d20 = −c20, d21 = −c21, d22 = c22, d23 = −c23, d24 = c24, d25 = −c25,
d26 = −c26, d27 = −c27, d28 = c28, d29 = c29, d30 = c30, d31 = −c31,
d32 = c32, d33 = −c33, d34 = c34, d35 = c35, d36 = c36, d37 = c37,
d38 = −c38, d39 = −c39, d40 = −c40, d41 = c41, d42 = −c42, d43 = −c43,
d44 = −c44, d45 = −c45, d46 = c46, d47 = −c47, d48 = −c48, d49 = c49,
d50 = c50, d51 = −c51, d52 = c52, d53 = −c53, d54 = −c54, d55 = −c55,
d56 = −c56, d57 = c57, d59 = −c59, d60 = −c60, d61 = c61,
d62 = c62, d63 = −c63, d64 = −c64, d65 = c65, d66 = −c66 d67 = c67,
d68 = −c68, d69 = c69, d70 = c70, d71 = c71, d72 = −c72, d73 = c73,
d74 = −c74, d76 = −c76, d77 = c77, d78 = −c78, d79 = c79, d80 = c80,
d81 = −c81, d82 = c82, d84 = −c84, d85 = −c85, d86 = c86, d87 = c87,
d58 = − 1
70d1(c)
(6c− 5)(15876c6 + 308430c5 + 824967c4
− 9906911c3 + 2820627c2 + 48197871c − 46798680),
d75 = − 1
98d1(c)
5(5832c7 − 118260c6 − 655776c5 + 2557083c4
+ 13559129c3 − 48761733c2 + 28560705c + 9360600),
d83 =
1
7d1(c)
(11016c7 + 205830c6 − 19281c5 − 5688348c4
+ 8905287c3 + 27389040c2 − 79353500c + 43036000). (G.5)
Note that the last three terms in Appendix (G.5) are different from the corresponding co-
efficients in Appendix (G.3). Furthermore, the OPE between the second higher spin N = 2
multiplet and the fourth higher spin N = 2 multiplet in (3.3) can be described as
W
(2)
− 2
3
(Z1)W
( 7
2
)
− 1
3
(Z2) = C
(4)−
(2) ( 7
2
)
(
θ12
z212
W
(4)
0 (Z2) +
θ12 θ¯12
z212
7
24
DW
(4)
0 (Z2)
− 1
z12
1
4
DW
(4)
0 (Z2) +
θ12
z12
[
− 1
24
[D,D]W
(4)
0 +
3
8
∂W
(4)
0
]
(Z2)
+
θ12 θ¯12
z12
[
5(c− 3)
36(c + 9)
∂DW
(4)
0 +
20
3(c+ 9)
DTW
(4)
0 −
5
3(c+ 9)
TDW
(4)
0
]
(Z2)
)
+ · · · , (G.6)
which looks like as Appendix (G.1). Again, in the large c limit, all the nonlinear terms in
Appendix (G.6) disappear. One can also analyze the 1
c
-terms.
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G.2 The OPEs W
(72 )
± 13 (Z1)W
(72 )
± 13 (Z2)
Now let us consider the OPE between the third higher spin N = 2 multiplet and itself in
(3.3).
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where the coefficients are given by
e2 = −1
2
, e3 = − 3
11
, e4 =
3
44
, e5 = 0, e6 =
25
44
, e7 = − (7c+ 3)
22(c+ 9)
,
e8 = − 30
11(c+ 9)
, e9 =
10
(c+ 9)
, e10 = − 3
22
, e11 = 0, e12 = 0,
e13 =
30
11(c + 9)
,
e14 =
3(45c4 + 1326c3 − 6567c2 − 24340c + 82596)
44(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e15 = − 9(39c
3 − 984c2 + 18923c − 22118)
44(c+ 9)(27c − 46)(3c2 + 90c− 265) ,
e16 = − 36(31c − 35)
(27c− 46)(3c2 + 90c − 265) , e17 =
3(15c3 − 6552c2 − 121229c + 352266)
44(c + 9)(27c − 46)(3c2 + 90c − 265) ,
e18 = − 9(687c
3 + 7144c2 − 25501c − 6790)
22(c+ 9)(27c − 46)(3c2 + 90c− 265) , e19 = −
(51c2 + 614c − 1725)
4(c+ 9)(3c2 + 90c− 265) ,
e20 =
3(45c3 − 2904c2 + 4281c + 5998)
2(c+ 9)(27c − 46)(3c2 + 90c− 265) , e21 = −
3(3c3 − 1544c2 − 35529c + 108050)
4(c+ 9)(27c − 46)(3c2 + 90c− 265) ,
e22 =
(630c4 + 16881c3 + 18150c2 − 385343c + 529542)
44(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e23 = −(765c
4 + 11139c3 − 276591c2 + 897037c − 685470)
88(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e24 = −3(1569c
3 + 44040c2 − 314899c + 453110)
44(c + 9)(27c − 46)(3c2 + 90c − 265) , e25 =
18(31c − 35)
(27c − 46)(3c2 + 90c− 265) ,
e26 =
(8235c3 + 41664c2 − 187409c + 40170)
44(c + 9)(27c − 46)(3c2 + 90c− 265) , e27 =
3(279c3 + 1368c2 − 15255c + 30428)
11(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e28 =
(19485c3 + 630744c2 − 2712543c + 2420134)
44(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e29 = −3(861c
3 + 21992c2 − 45423c − 59690)
11(c + 9)(27c − 46)(3c2 + 90c− 265) ,
e30 =
(2313c3 + 48408c2 − 334171c + 468230)
4(c + 9)(27c − 46)(3c2 + 90c− 265) , e31 =
36(31c − 35)
(27c − 46)(3c2 + 90c − 265) ,
e32 = − 3
44d2(c)
(3c − 1)(3c − 2)(45c4 + 1302c3 + 1407c2 − 42794c + 75240),
e33 =
9
22d2(c)
(3c− 2)(9c4 − 528c3 − 8139c2 + 103598c − 178320),
e34 =
216
11d2(c)
(3c− 2)(42c3 + 614c2 − 1651c + 1385),
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e35 =
36
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(3c− 2)(9c3 − 372c2 + 3333c − 4030),
e36 =
3
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(3c− 2)(2025c4 + 27756c3 − 38283c2 − 269878c + 353640),
e37 =
9
11d2(c)
(3c− 2)(27c4 − 1575c3 + 507c2 + 16059c − 10778),
e38 = − 9
22d2(c)
(3c − 2)(45c4 − 4242c3 − 36687c2 + 154420c − 87036),
e39 =
9
2d2(c)
(3c − 2)(9c4 − 884c3 − 7131c2 + 26506c − 11080),
e40 = − 18
11d2(c)
(3c − 2)(9c4 − 390c3 + 4957c2 + 17064c − 78580),
e41 =
90
11(c + 9)(3c + 4)
, e42 =
15(3c + 1)
11(c + 9)(3c + 4)
, e43 =
30(2c + 5)
11(c + 9)(3c + 4)
,
e44 =
18
d2(c)
(3c− 2)(9c3 − 372c2 + 3333c − 4030),
e45 =
3
88d2(c)
(3c− 2)(81c5 + 1395c4 − 32979c3 − 48651c2 + 299050c + 73344),
e46 = − 9
44d2(c)
(3c − 2)(63c4 − 1662c3 + 22347c2 + 56468c − 133396),
e47 = − 54
11d2(c)
(3c − 2)(42c3 + 614c2 − 1651c + 1385), e48 = 0,
e49 = − 18
11d2(c)
(3c − 2)(1149c3 + 11258c2 − 4612c − 9705),
e50 =
216
11d2(c)
(3c− 2)(42c3 + 614c2 − 1651c + 1385),
e51 = − 9
d2(c)
(3c − 2)(9c3 − 372c2 + 3333c − 4030),
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d2(c)
(3c − 2)(9c3 − 372c2 + 3333c − 4030),
e53 =
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44d2(c)
(3c− 2)(9c4 − 9006c3 − 182739c2 + 130544c + 972012),
e54 = − 9
11d2(c)
(3c − 2)(513c4 + 6177c3 − 9947c2 − 56493c + 37790),
e55 = − 3
11d2(c)
(3c − 2)(2079c4 + 22392c3 − 52749c2 − 48622c − 217560),
e56 = − 3(81c
2 + 87c − 698)
88(3c + 4)(3c2 + 90c − 265) ,
e57 = − 1
88d2(c)
(3c − 2)(51111c4 + 651690c3 − 1627485c2 − 2872900c + 5335644),
e58 = − 1
2d2(c)
(3c− 2)(1053c4 + 10062c3 − 57927c2 + 44332c + 54420),
e59 =
3
2d2(c)
(3c − 2)(81c4 − 5274c3 − 4251c2 + 42996c − 2812),
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e60 =
3
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(3c− 2)(27c4 − 1470c3 + 5655c2 − 11100c + 14308),
e61 = − 9
88d2(c)
(3c − 2)(135c4 − 4386c3 + 34019c2 − 26800c + 204292),
e62 = − 9
d2(c)
(3c − 2)(381c3 + 3052c2 + 3457c − 9070),
e63 =
3
88d2(c)
(3c− 2)(189c4 + 13818c3 + 799921c2 − 762464c − 4549204),
e64 = − 3
2d2(c)
(3c− 2)(9c4 − 1818c3 − 33539c2 + 65388c + 99740),
e65 =
1
264d2(c)
(3c− 2)(2511c5 + 31365c4 − 242229c3 − 252861c2 + 1795390c − 786096),
e66 = − 5
66d2(c)
(243c6 − 513c5 − 109449c4 + 391569c3 − 21342c2 − 1057292c + 1013112),
e67 = − 15
11d2(c)
(189c5 + 3501c4 − 46959c3 + 36513c2 + 251732c − 301892),
e68 =
90
d2(c)
(36c4 − 21c3 − 575c2 + 4846c − 6616),
e69 =
1080
11d2(c)
(252c3 + 141c2 − 3017c + 3694),
e70 =
15
11d2(c)
(6075c4 − 11664c3 + 56673c2 − 338112c + 406316),
e71 =
45
11d2(c)
(108c4 − 1809c3 − 23475c2 + 85134c − 71288),
e72 =
15
11d2(c)
(3888c4 + 37935c3 − 39735c2 − 289890c + 522872),
e73 =
90
11d2(c)
(3456c4 − 6345c3 − 29889c2 + 71576c − 55076),
e74 =
5
22d2(c)
(4617c5 − 4077c4 − 41121c3 − 114363c2 + 822908c − 1024116),
e75 =
5
11d2(c)
(1944c5 + 18630c4 − 20313c3 − 82179c2 − 351932c + 491628),
e76 =
15
22d2(c)
(567c5 − 2214c4 − 31635c3 + 132786c2 − 138528c + 108592),
e77 =
5
22d2(c)
(5265c5 + 134136c4 − 548721c3 + 254544c2 + 735192c − 751784),
e78 =
15
22d2(c)
(648c5 + 5409c4 + 444c3 − 84405c2 + 295772c − 236180),
e79 =
5
22d2(c)
(12636c5 + 303129c4 − 1117764c3 − 365481c2 + 2621708c − 954148),
e80 = − 15
22d2(c)
(1539c5 + 37377c4 − 54291c3 − 201209c2 − 136724c + 509396),
e81 =
45
11d2(c)
(1179c4 + 11010c3 + 7403c2 − 144728c + 206180),
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e82 = − 15
11d2(c)
(783c5 + 17685c4 − 41751c3 − 60493c2 + 107556c − 108844),
e83 =
5
d2(c)
(405c5 + 3150c4 − 57864c3 + 110343c2 + 142176c − 200156),
e84 =
15
d2(c)
(459c4 + 6075c3 − 444c2 − 39272c + 2648),
e85 =
30
d2(c)
(216c4 + 1917c3 + 1653c2 + 14448c − 27964),
e86 = − 5
d2(c)
(3c + 4)(27c − 46)(81c2 − 183c − 44),
e87 = − 360
d2(c)
(252c3 + 141c2 − 3017c + 3694),
d2(c) ≡ (c+ 9)(3c − 2)(3c + 4)(27c − 46)(3c2 + 90c − 265). (G.8)
In the large c limit, all the nonlinear terms corresponding to the coefficients Appendix (G.8)
disappear. One can also analyze the 1
c
, · · · , 1
c3
-terms. We introduce d2(c) in Appendix (G.8)
which appears in the denominators of the coefficients.
Now the OPE between the third higher spin N = 2 multiplet and the fourth higher spin
N = 2 multiplet in (3.3) can be described as
W
( 7
2
)
1
3
(Z1)W
( 7
2
)
− 1
3
(Z2) =
θ12 θ¯12
z812
g379 +
1
z712
2c
7
+
θ12 θ¯12
z712
g380T(Z2) +
1
z612
g381 T(Z2)
+
θ12
z612
g382DT(Z2)
+
θ¯12
z612
g383DT(Z2) +
θ12 θ¯12
z612
[
g384 [D,D]T+ g385 TT+ g386 ∂T
]
(Z2)
+
1
z512
[
g387 [D,D]T + g388TT+ g399 ∂T
]
(Z2) +
θ12
z512
[g389 ∂DT+ g390 TDT] (Z2)
+
θ¯12
z512
[
g391 ∂DT+ g392TDT
]
(Z2)
+
θ12 θ¯12
z512
[
g393 ∂[D,D]T+ g394T[D,D]T + g395 TTT+ g396DTDT+ g397 ∂TT
+g398 ∂
2
T
]
(Z2)
+
1
z412
[
g400 ∂[D,D]T+ g401T[D,D]T + g402 TTT+ g403DTDT+ g404 ∂TT+ g428 ∂
2
T
]
(Z2)
+
θ12
z412
[
g405 ∂
2DT+ g406 TTDT+ g407 [D,D]TDT+ g408 ∂DTT+ g409 ∂TDT
]
(Z2)
+
θ¯12
z412
[
g410 ∂
2DT+ g411 TTDT+ g412DT[D,D]T+ g413 ∂DTT+ g414 ∂TDT
]
(Z2)
+
θ12 θ¯12
z412
[
g415 ∂
2[D,D]T+ g416 TT[D,D]T + g417TTTT+ g418TDTDT+ g419 ∂DTDT
+g420 [D,D]T[D,D]T+ g421 ∂[D,D]TT+ g422 ∂DTDT
+ g423 ∂T[D,D]T+ g424 ∂TTT+ g425 ∂T∂T+ g426 ∂
2
TT+ g427 ∂
3
T
]
(Z2)
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+
1
z312
[
g1 ∂
2[D,D]T+ g2TT[D,D]T+ g3TTTT+ g4TDTDT+ g5 ∂DTDT
+g6 [D,D]T[D,D]T+ g7 ∂[D,D]TT+ g8 ∂DTDT
+ g9 ∂T[D,D]T+ g10 ∂TTT+ g11 ∂T∂T+ g12 ∂
2
TT+ g57 ∂
3
T
]
(Z2)
+
θ12
z312
[
g13 ∂
3DT+ g14TTTDT+ g15T[D,D]TDT+ g16 ∂[D,D]TDT+ g17 ∂DT[D,D]T
+ g18 ∂DTTT+ g19 ∂DT∂T+ g20 ∂
2DTT+ g21 ∂TTDT+ g22 ∂
2
TDT
]
(Z2)
+
θ¯12
z312
[
g23 ∂
3DT+ g24TTTDT+ g25TDT[D,D]T + g26 ∂DT[D,D]T+ g27 ∂DTTT
+ g28 ∂DT∂T+ g29 ∂
2DTT+ g30 [D,D]TDT+ g31 ∂TTDT+ g32 ∂
2
TDT
]
(Z2)
+
θ12 θ¯12
z312
[
g33 ∂
3[D,D]T+ g34TTT[D,D]T + g35TTTTT+ g36TTDTDT
+g37T[D,D]T[D,D]T+ g38DT[D,D]TDT+ g39 ∂DT∂DT+ g40 ∂DTTDT
+g41 ∂
2DTDT+ g42 ∂[D,D]T[D,D]T + g43 ∂[D,D]TTT+ g44 ∂[D,D]T∂T
+g45 ∂
2[D,D]TT+ g46 ∂DTTDT+ g47 ∂
2DTDT+ g48 ∂TT[D,D]T+ g49 ∂TTTT
+g50 ∂TDTDT+ g51 ∂T∂TT
+ g52 ∂
2
T[D,D]T + g53 ∂
2
TTT+ g54 ∂
2
T∂T+ g55 ∂
3
TT+ g56 ∂
4
T
]
(Z2)
+
1
z212
[
g58 ∂
3[D,D]T+ g59TTT[D,D]T+ g60TTTTT+ g61TTDTDT
+g62T[D,D]T[D,D]T
+g63DT[D,D]TDT+ g64 ∂DT∂DT+ g65 ∂DTTDT+ g66 ∂
2DTDT
+g67 ∂[D,D]T[D,D]T+ g68 ∂[D,D]TTT+ g69 ∂[D,D]T∂T+ g70 ∂
2[D,D]TT
+g71 ∂DTTDT+ g72 ∂
2DTDT+ g73 ∂TT[D,D]T+ g74 ∂TTTT+ g75 ∂TDTDT
+ g76 ∂T∂TT+ g77 ∂
2
T[D,D]T+ g78 ∂
2
TTT+ g79 ∂
2
T∂T+ g80 ∂
3
TT+ g170 ∂
4
T
]
(Z2)
+
θ12
z212
[
g81 ∂
4DT+ g82TTTTDT+ g83 TT[D,D]TDT+ g84 [D,D]T[D,D]TDT
+g85 ∂[D,D]T∂DT+ g86 ∂[D,D]TTDT+ g87 ∂
2[D,D]TDT+ g88 ∂DTT[D,D]T
+g89 ∂DTTTT+ g90 ∂DTDTDT+ g91 ∂DT∂TT+ g92 ∂
2DT[D,D]T+ g93 ∂
2DTTT
+g94 ∂
2DT∂T+ g95 ∂
3DTT+ g96 ∂TTTDT+ g97 ∂T[D,D]TDT
+ g98 ∂T∂TDT+ g99 ∂
2
T∂DT+ g100 ∂
2
TTDT+ g101 ∂
3
TDT
]
(Z2)
+
θ¯12
z212
[
g102 ∂
4DT+ g103TTTTDT+ g104TTDT[D,D]T+ g105DT[D,D]T[D,D]T
+g106 ∂DT∂[D,D]T+ g107 ∂DTT[D,D]T+ g108 ∂DTTTT+ g109 ∂DTDTDT
+g110 ∂DT∂TT+ g111 ∂
2DT[D,D]T+ g112 ∂
2DTTT+ g113 ∂
2DT∂T
+g114 ∂
3DTT+ g115 ∂[D,D]TTDT+ g116 ∂
2[D,D]TDT+ g117 ∂TTTDT
+g118 ∂TDT[D,D]T+ g119 ∂T∂TDT+ g120 ∂
2
T∂DT+ g121 ∂
2
TTDT+ g122 ∂
3
TDT
]
(Z2)
+
θ12 θ¯12
z212
[
g123 ∂
4[D,D]T+ g124 TTTT[D,D]T+ g125TTTTTT+ g126TTTDTDT
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+g127TT[D,D]T[D,D]T+ g128TDT[D,D]TDT+ g129 ∂DTTTDT
+g130 ∂DT[D,D]TDT
+g131 ∂DT∂DTT+ g132 ∂DT∂TDT+ g133 ∂
2DT∂DT+ g134 ∂
2DTTDT
+g135 ∂
3DTDT+ g136 [D,D]T[D,D]T[D,D]T+ g137 ∂[D,D]T∂[D,D]T
+g138 ∂[D,D]TT[D,D]T+ g139 ∂[D,D]TTTT+ g140 ∂[D,D]TDTDT
+g141 ∂[D,D]T∂TT
+g142 ∂
2[D,D]T[D,D]T+ g143 ∂
2[D,D]TTT+ g144 ∂
2[D,D]T∂T+ g145 ∂
3[D,D]TT
+g146 ∂DTTTDT+ g147 ∂DTDT[D,D]T+ g148 ∂DT∂TDT+ g149 ∂
2DT∂DT
+g150 ∂
2DTTDT+ g151 ∂
3DTDT+ g152 ∂TTT[D,D]T+ g153 ∂TTTTT
+g154 ∂TTDTDT
+g155 ∂T[D,D]T[D,D]T+ g156 ∂T∂T[D,D]T+ g157 ∂T∂TTT
+g158 ∂T∂T∂T+ g159 ∂
2
T∂[D,D]T+ g160 ∂
2
TT[D,D]T+ g161 ∂
2
TTTT
+g162 ∂
2
TDTDT+ g163 ∂
2
T∂TT+ g164 ∂
2
T∂2T+ g165 ∂
3
T[D,D]T
+ g166 ∂
3
TTT+ g167 ∂
3
T∂T+ g168 ∂
4
TT+ g169 ∂
5
T
]
(Z2)
+
1
z12
[
g171 ∂
4[D,D]T+ g172 TTTT[D,D]T+ g173TTTTTT+ g174TTTDTDT
+g175TT[D,D]T[D,D]T+ g176TDT[D,D]TDT+ g177 ∂DTTTDT
+g178 ∂DT[D,D]TDT+ g179 ∂DT∂DTT+ g180 ∂DT∂TDT+ g181 ∂
2DT∂DT
+g182 ∂
2DTTDT+ g183 ∂
3DTDT+ g184 [D,D]T[D,D]T[D,D]T
+g185 ∂[D,D]T∂[D,D]T+ g186 ∂[D,D]TT[D,D]T+ g187 ∂[D,D]TTTT
+g188 ∂[D,D]TDTDT+ g189 ∂[D,D]T∂TT+ g190 ∂
2[D,D]T[D,D]T
+g191 ∂
2[D,D]TTT+ g192 ∂
2[D,D]T∂T+ g193 ∂
3[D,D]TT+ g194 ∂DTTTDT
+g195 ∂DTDT[D,D]T + g196 ∂DT∂TDT+ g197 ∂
2DT∂DT+ g198 ∂
2DTTDT
+g199 ∂
3DTDT+ g200 ∂TTT[D,D]T+ g201 ∂TTTTT+ g202 ∂TTDTDT
+g203 ∂T[D,D]T[D,D]T+ g204 ∂T∂T[D,D]T+ g205 ∂T∂TTT
+g206 ∂T∂T∂T+ g207 ∂
2
T∂[D,D]T+ g208 ∂
2
TT[D,D]T+ g209 ∂
2
TTTT
+g210 ∂
2
TDTDT+ g211 ∂
2
T∂TT+ g212 ∂
2
T∂2T+ g213 ∂
3
T[D,D]T
+ g214 ∂
3
TTT+ g215 ∂
3
T∂T+ g216 ∂
4
TT+ g378 ∂
5
T
]
(Z2)
+
θ12
z12
[
g217 ∂
5DT+ g218TTTTTDT+ g219TTT[D,D]TDT
+g220T[D,D]T[D,D]TDT+ g221 ∂DT∂DTDT+ g222 ∂[D,D]TTTDT
+g223 ∂[D,D]T[D,D]TDT+ g224 ∂[D,D]T∂DTT+ g225 ∂[D,D]T∂TDT
+g226 ∂
2[D,D]T∂DT+ g227 ∂
2[D,D]TTDT+ g228 ∂
3[D,D]TDT
+g229 ∂DTTT[D,D]T + g230 ∂DTTTTT+ g231 ∂DTTDTDT
+g232 ∂DT[D,D]T[D,D]T
+g233 ∂DT∂T[D,D]T+ g234 ∂DT∂TTT+ g235 ∂DT∂T∂T + g236 ∂
2DT∂[D,D]T
+g237 ∂
2DTT[D,D]T+ g238 ∂
2DTTTT+ g239 ∂
2DTDTDT+ g240 ∂
2DT∂TT
+g241 ∂
2DT∂2T+ g242 ∂
3DT[D,D]T+ g243 ∂
3DTTT+ g244 ∂
3DT∂T+ g245 ∂
4DTT
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+g246 ∂TTTTDT+ g247 ∂TT[D,D]TDT+ g248 ∂T∂TTDT
+g249 ∂
2
TTTDT+ g250 ∂
2
T[D,D]TDT+ g251 ∂
2
T∂DTT
+ g252 ∂
2
T∂TDT+ g253 ∂
3
T∂DT+ g254 ∂
3
TTDT+ g255 ∂
4
TDT
]
(Z2)
+
θ¯12
z12
[
g256 ∂
5DT+ g257TTTTTDT+ g258TTTDT[D,D]T+ g259 TDT[D,D]T[D,D]T
+g260 ∂DTTT[D,D]T + g261 ∂DTTTTT+ g262 ∂DTTDTDT
+g263 ∂DT[D,D]T[D,D]T+ g264 ∂DT∂[D,D]TT+ g265 ∂DT∂DTDT
+g266 ∂DT∂T[D,D]T+ g267 ∂DT∂TTT+ g268 ∂DT∂T∂T+ g269 ∂
2DT∂[D,D]T
+g270 ∂
2DTT[D,D]T+ g271 ∂
2DTTTT+ g272 ∂
2DTDTDT+ g273 ∂
2DT∂TT
+g274 ∂
2DT∂2T+ g275 ∂
3DT[D,D]T+ g276 ∂
3DTTT+ g277 ∂
3DT∂T
+g278 ∂
4DTT+ g279 ∂[D,D]TTTDT+ g280 ∂[D,D]TDT[D,D]T+ g281 ∂[D,D]T∂TDT
+g282 ∂
2[D,D]T∂DT+ g283 ∂
2[D,D]TTDT+ g284 ∂
3[D,D]TDT+ g285 ∂TTTTDT
+g286 ∂TTDT[D,D]T + g287 ∂T∂TTDT+ g288 ∂
2
TTTDT+ g289 ∂
2
TDT[D,D]T
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2
T∂DTT+ g291 ∂
2
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3
T∂DT+ g293 ∂
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4
TDT
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+
θ12 θ¯12
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[
g295 ∂
5[D,D]T+ g296 TTTTT[D,D]T+ g297TTTTTTT
+g298TTTTDTDT+ g299TTT[D,D]T[D,D]T+ g300 TTDT[D,D]TDT
+g301T[D,D]T[D,D]T[D,D]T+ g302DT[D,D]T[D,D]TDT+ g303 ∂DTTTTDT
+g304 ∂DTT[D,D]TDT+ g305 ∂DT∂[D,D]TDT+ g306 ∂DT∂DT[D,D]T
+g307 ∂DT∂DTTT
+g308 ∂DT∂DT∂T+ g309 ∂DT∂TTDT+ g310 ∂
2DT∂2DT+ g311 ∂
2DTTTDT
+g312 ∂
2DT[D,D]TDT+ g313 ∂
2DT∂DTT+ g314 ∂
2DT∂TDT+ g315 ∂
3DT∂DT
+g316 ∂
3DTTDT+ g317 ∂
4DTDT+ g318 ∂[D,D]TTT[D,D]T+ g319 ∂[D,D]TTTTT
+g320 ∂[D,D]TTDTDT+ g321 ∂[D,D]T[D,D]T[D,D]T+ g322 ∂[D,D]T∂[D,D]TT
+g323 ∂[D,D]T∂DTDT+ g324 ∂[D,D]T∂T[D,D]T+ g325 ∂[D,D]T∂TTT
+g326 ∂[D,D]T∂T∂T + g327 ∂
2[D,D]T∂[D,D]T+ g328 ∂
2[D,D]TT[D,D]T
+g329 ∂
2[D,D]TTT+ g330 ∂
2[D,D]TDTDT+ g331 ∂
2[D,D]T∂TT+ g332 ∂
2[D,D]T∂2T
+g333 ∂
3[D,D]T[D,D]T+ g334 ∂
3[D,D]TTT+ g335 ∂
3[D,D]T∂T+ g336 ∂
4[D,D]TT
+g337 ∂DTTTTDT+ g338 ∂DTTDT[D,D]T+ g339 ∂DT∂TTDT+ g340 ∂
2DTTTDT
+g341 ∂
2DTDT[D,D]T+ g342 ∂
2DT∂DTT+ g343 ∂
2DT∂TDT+ g344 ∂
3DT∂DT
+g345 ∂
3DTTDT+ g346 ∂
4DTDT+ g347 ∂TTTT[D,D]T+ g348 ∂TTTTTT
+g349 ∂TTTDTDT+ g350 ∂TT[D,D]T[D,D]T+ g351 ∂TDT[D,D]TDT
+g352 ∂T∂TT[D,D]T+ g353 ∂T∂TTTT+ g354 ∂T∂TDTDT+ g355 ∂T∂T∂TT
+g356 ∂
2
TTT[D,D]T+ g357 ∂
2
TTTTT+ g358 ∂
2
TTDTDT+ g359 ∂
2
T∂DTDT
+g360 ∂
2
T[D,D]T[D,D]T+ g361 ∂
2
T∂[D,D]TT+ g362 ∂
2
T∂DTDT+ g363 ∂
2
T∂T[D,D]T
+g364 ∂
2
T∂TTT+ g365 ∂
2
T∂T∂T+ g366 ∂
2
T∂2TT+ g367 ∂
3
T∂[D,D]T
+g368 ∂
3
TT[D,D]T
+g369 ∂
3
TTTT+ g370 ∂
3
TDTDT+ g371 ∂
3
T∂TT+ g372 ∂
3
T∂2T
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+g373 ∂
4
T[D,D]T + g374 ∂
4
TTT+ g375 ∂
4
T∂T+ g376 ∂
5
T∂T+ g377 ∂
6
T
]
(Z2), (G.9)
where the various coefficients are given by
g1 = −(63c
5 − 255c4 + 177c3 + 1835c2 − 2304c − 36)
42(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g2 =
2(1113c3 − 230c2 + 59c − 402)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g3 =
4(796c2 − 309c+ 248)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g4 =
4(29c3 − 1720c2 + 1945c + 86)
7(c− 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g5 =
2(24c4 − 1401c3 + 1692c2 − 473c + 18)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g6 =
(2331c4 + 162c3 − 15457c2 + 15540c − 36)
126(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g7 = −(105c
4 + 274c3 + 5065c2 − 6996c − 1068)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g8 =
2(39c4 − 2358c3 + 2451c2 + 1204c − 36)
21(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g9 = − (3c+ 5)(7c + 18)
21(c− 1)(c + 6)(2c − 3) , g10 = −
2(31c + 134)
7(c− 1)(c + 6)(2c − 3) ,
g11 = −(121c
4 − 492c3 − 1435c2 + 5674c − 4328)
14(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g12 = −(179c
4 + 1544c3 + 555c2 − 9834c + 9016)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g13 = −40(3c
5 − 9c4 − 23c3 + 145c2 − 72c+ 36)
63(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g14 =
80(157c2 + 57c+ 98)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g15 =
80(57c3 − 91c2 + 104c − 12)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) , g16 =
20(57c3 − 91c2 + 104c − 12)
21(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g17 =
40(111c4 − 218c3 − 497c2 + 468c + 108)
63(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g18 =
80(47c3 − 291c2 − 68c − 60)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g19 = − 40(11c
3 − 26c2 + 45c− 50)
21(c− 1)(c + 1)(2c − 3)(5c − 9) , g20 = −
80(3c4 − 9c3 + 148c2 − 128c + 240)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g21 =
40(43c3 + 82c2 − 167c − 74)
7(c− 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) , g22 = −
20(14c3 − 173c2 + 271c + 62)
21(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g23 =
11(12c4 − 72c3 + 223c2 − 263c − 150)
63(c − 1)(c+ 6)(2c − 3)(5c − 9) , g24 =
176(c2 − 54c − 22)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
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g25 =
22(3c3 − 180c2 + 163c − 6)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g26 = −22(222c
4 − 205c3 − 374c2 + 351c − 54)
63(c− 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g27 = − 44(109c
3 + 88c2 − 59c − 258)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) , g28 = −
22(2c3 + 15c2 + 12c − 89)
21(c− 1)(c + 1)(2c − 3)(5c − 9) ,
g29 =
11(6c4 − 147c3 + 634c2 + 745c − 1098)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g30 = − 22(57c
4 − 142c3 + 33c2 + 44c − 12)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g31 = − 22(111c
3 + 12c2 − 345c − 158)
7(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g32 = − 22(4c
4 − 227c3 + 468c2 + 65c− 370)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g33 =
1
567d(c)
(c+ 18)(4c − 9)(7c − 15)(9c7 − 3246c6 − 91551c5 + 242852c4
+ 399148c3 − 1203616c2 + 641568c − 180864),
g34 =
8
189d(c)
(c+ 18)(4c − 9)(7c − 15)(26112c4 + 4477c3 − 35377c2 − 36338c + 19776),
g35 =
4
63d(c)
(c+ 18)(4c − 9)(7c − 15)(24896c3 + 40675c2 − 153502c + 48816),
g36 =
8
21d(c)
(c+ 18)(4c − 9)(7c − 15)(10823c4 − 19437c3 − 135958c2 + 266168c − 92576),
g37 =
1
378d(c)
(c+ 18)(4c − 9)(7c − 15)(72927c5 − 94098c4
+ 365507c3 − 2601712c2 + 4749420c − 2325744),
g38 =
2
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (45249c5 − 147298c4 − 67143c3 + 578128c2 − 465852c + 7536),
g39 = − 4
189d(c)
(c+ 18)(4c − 9)(7c − 15)(7542c6 + 46245c5 − 140660c4
− 183039c3 + 363272c2 − 28284c + 67824),
g40 = −2(c+ 18)
63d(c)
(4c− 9)(7c − 15)
× (8691c5 − 75270c4 − 365597c3 + 1751072c2 − 1445108c + 370512),
g41 =
1
63d(c)
(c+ 18)(4c − 9)(7c − 15)(−5661c6 − 12339c5 + 287493c4
− 1117141c3 + 1957332c2 − 1307252c + 340368),
g42 =
1
378d(c)
(c+ 18)(4c − 9)(7c − 15)(−333c6 + 114951c5 − 560311c4
+ 645245c3 + 20508c2 − 133596c + 158256),
78
g43 =
1
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (−3459c5 + 33178c4 − 33663c3 − 1194712c2 + 2002836c + 103920),
g44 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(−6585c6 − 63517c5 − 443c4
+ 1004305c3 − 504420c2 − 2488748c + 1479408),
g45 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(−1971c6 + 3729c5 + 214035c4
− 625425c3 − 571004c2 + 2710156c − 1838640),
g46 =
2
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (6891c5 + 177570c4 − 571981c3 − 796064c2 + 1673228c + 718416),
g47 =
1
63d(c)
(c+ 18)(4c − 9)(7c − 15)(5652c6 − 26781c5 − 111158c4
+ 728295c3 − 1513232c2 + 644156c + 808848),
g48 = − 2(5109c
3 + 5750c2 + 17467c + 9654)
63(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g49 = − 8(6203c
2 + 6438c + 5614)
63(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g50 = − 2(2047c
3 − 11780c2 − 1105c − 1622)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g51 =
(c+ 18)
42d(c)
(4c− 9)(7c − 15)
× (−16327c5 − 128478c4 + 335397c3 + 708008c2 − 1608956c + 338416),
g52 =
1
189d(c)
(c+ 18)(4c − 9)(7c − 15)(−9885c6 − 64879c5 + 243945c4
+ 19251c3 − 701636c2 + 1310300c − 1277616),
g53 = −(15013c
4 − 38838c3 + 47701c2 − 119852c + 148196)
63(c − 2)(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g54 =
(803c4 + 947c3 − 7125c2 + 19437c − 1982)
63(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g55 =
1
378d(c)
(c+ 18)(4c − 9)(7c − 15)(2391c6 + 11061c5 + 99553c4
− 59901c3 − 5463220c2 + 10206588c − 2254512),
g56 =
1
378d(c)
(c+ 18)(4c − 9)(7c − 15)(471c7 − 936c6 − 85715c5 + 223232c4
+ 357536c3 − 1118032c2 + 382720c − 28896),
g57 =
(15c5 − 177c4 − 341c3 − 10307c2 + 13410c + 1920)
126(c − 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g58 =
1
189d(c)
(c+ 18)(4c − 9)(7c − 15)(−63c7 − 378c6 + 3957c5 − 2884c4
− 9716c3 + 44192c2 − 34656c − 1152),
79
g59 =
8
63d(c)
(c+ 18)(4c − 9)(7c − 15)(861c4 + 8206c3 − 1621c2 + 5986c + 1488),
g60 =
4
21d(c)
(c+ 18)(4c − 9)(7c − 15)(848c3 + 8095c2 − 5686c + 6768),
g61 =
8
7d(c)
(c+ 18)(4c − 9)(7c − 15)(29c4 − 1551c3 − 11014c2 + 16064c − 4928),
g62 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)
× (2331c5 + 22446c4 − 5449c3 − 180016c2 + 300540c − 98352),
g63 =
2
21d(c)
(c+ 18)(4c − 9)(7c − 15)(57c5 − 3574c4 + 2061c3 + 12544c2 − 15276c + 48),
g64 = − 4
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (6c6 − 315c5 − 2960c4 − 10347c3 + 8216c2 + 5268c + 432),
g65 =
2
21d(c)
(c+ 18)(4c − 9)(7c − 15)
× (117c5 − 5490c4 − 78019c3 + 173344c2 − 96076c − 4176),
g66 =
(c+ 18)
21d(c)
(4c− 9)(7c − 15)
× (27c6 − 1407c5 − 10671c4 + 123947c3 − 208284c2 + 102604c + 3984),
g67 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(2331c6 + 23643c5 − 80503c4
− 136735c3 + 563964c2 − 419148c + 1008),
g68 =
1
21d(c)
(c+ 18)(4c − 9)(7c − 15)
× (1113c5 + 11074c4 − 38259c3 − 60376c2 + 90948c − 19920),
g69 =
1
42d(c)
(c+ 18)(4c − 9)(7c − 15)(−105c6 − 1321c5 − 5699c4
− 22475c3 + 178140c2 − 209564c + 45744),
g70 =
1
42d(c)
(c+ 18)(4c − 9)(7c − 15)
× (−63c6 − 363c5 + 3255c4 − 15645c3 − 32492c2 + 83548c − 44400),
g71 = − 2
21d(c)
(c+ 18)(4c − 9)(7c − 15)
× (57c5 − 3090c4 − 17687c3 + 191552c2 − 178844c − 8208),
g72 =
(c+ 18)
21d(c)
(4c− 9)(7c − 15)
× (36c6 − 1953c5 − 12134c4 + 102075c3 − 261296c2 + 169868c + 8784),
g73 =
2(1113c3 − 230c2 + 59c − 402)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g74 =
8(796c2 − 309c+ 248)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
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g75 =
2(29c3 − 1720c2 + 1945c + 86)
7(c− 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g76 =
1
14d(c)
(c+ 18)(4c − 9)(7c − 15)(−331c5 − 3534c4 + 6441c3 + 47624c2 − 95468c + 35248),
g77 =
1
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (−105c6 − 1357c5 − 4155c4 − 1767c3 + 37132c2 + 17300c − 90768),
g78 = − (289c
4 + 1266c3 + 1153c2 − 11996c + 14228)
21(c− 2)(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g79 = −(121c
4 − 521c3 + 285c2 + 3729c − 4414)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g80 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(−237c6 − 1527c5 + 13069c4
− 51273c3 − 10180c2 − 422196c + 459024),
g81 = − 5
378d(c)
(c+ 18)(4c − 9)(7c − 15)(30c7 − 40c6 − 8007c5 + 16870c4
+ 57971c3 − 154880c2 + 73036c + 336),
g82 = − 40
21d(c)
(c+ 18)(4c − 9)(7c − 15)(632c3 − 533c2 − 3790c + 48),
g83 = − 20
21d(c)
(c+ 18)(4c − 9)(7c − 15)(1077c4 − 627c3 − 6128c2 + 5356c − 3024),
g84 = − 5
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (2673c5 − 2826c4 − 24367c3 + 51008c2 − 23964c − 3024),
g85 =
10
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (225c6 + 1510c5 − 4129c4 − 27426c3 + 78172c2 − 38904c − 10080),
g86 =
10
21d(c)
(c+ 12)(c + 18)(4c − 9)(7c − 15)(231c4 − 1002c3 + 1319c2 − 292c − 116),
g87 =
5
21d(c)
(3c− 8)(c + 18)(4c − 9)(7c − 15)(23c5 + 42c4 − 885c3 + 1732c2 − 836c − 96),
g88 =
20
63d(c)
(c+ 18)(4c − 9)(7c − 15)(393c5 + 9236c4 − 22673c3 + 11096c2 − 23940c + 7632),
g89 =
40
63d(c)
(c+ 18)(4c − 9)(7c − 15)(553c4 + 12765c3 − 21576c2 − 18980c − 9744),
g90 = − 40
21d(c)
(c+ 18)(4c − 9)(7c − 15)(16c5 − 1065c4 + 9163c3 − 20196c2 + 10588c + 1296),
g91 =
40
21d(c)
(c+ 18)(4c − 9)(7c − 15)(91c5 + 401c4 − 3342c3 − 2152c2 + 10576c + 3840),
g92 =
10
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (165c6 − 259c5 − 644c4 + 3064c3 + 3064c2 − 21792c + 4608),
81
g93 =
40
21d(c)
(c+ 18)(4c − 9)(7c − 15)(36c5 − 73c4 + 725c3 + 2550c2 − 10480c − 1680),
g94 = − 10
21d(c)
(c+ 18)(4c − 9)(7c − 15)
× (15c6 − 34c5 − 522c4 + 295c3 + 17664c2 − 38292c + 13584),
g95 = − 10
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (18c6 + 151c5 + 3384c4 − 4921c3 − 27816c2 + 77244c − 50160),
g96 =
20
7d(c)
(c+ 18)(4c − 9)(7c − 15)(339c4 + 2011c3 − 3852c2 − 20c − 4528),
g97 =
10
21d(c)
(c+ 18)(4c − 9)(7c − 15)(285c5 − 1042c4 − 651c3 + 9816c2 − 10428c − 5136),
g98 =
5
7d(c)
(c+ 18)(4c − 9)(7c − 15)(103c5 + 498c4 − 4353c3 + 11528c2 − 10868c − 304),
g99 = − 10
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (50c6 + 267c5 + 928c4 + 20651c3 − 81944c2 + 59372c + 12624),
g100 =
10
21d(c)
(c+ 18)(4c − 9)(7c − 15)(145c5 + 3142c4 + 3225c3 − 36640c2 + 22436c + 19440),
g101 = − 5
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (45c6 − 758c5 − 11243c4 + 56292c3 − 72460c2 + 10752c + 13632),
g102 =
11
3024d(c)
(c+ 18)(4c − 9)(7c − 15)(120c7 + 580c6 − 11035c5 + 29766c4
− 106759c3 + 125104c2 + 7396c − 40272),
g103 =
220
7d(c)
(c+ 18)(4c − 9)(7c − 15)(64c3 + 213c2 − 402c + 208),
g104 =
88
21d(c)
(c+ 18)(4c − 9)(7c − 15)(327c4 + 392c3 − 3042c2 + 3952c − 1224),
g105 =
11
126d(c)
(c+ 18)(4c − 9)(7c − 15)(2673c5 − 2478c4 − 21523c3 + 36848c2 − 2796c − 11664),
g106 = − 11
63d(c)
(c+ 12)(c + 18)(4c − 9)(7c − 15)(225c5 − 846c4 + 1617c3 − 1476c2 + 244c + 96),
g107 = − 22
63d(c)
(c+ 18)(4c − 9)(7c − 15)(51c5 − 5314c4 + 6231c3 − 6656c2 + 14940c − 11952),
g108 = − 176
63d(c)
(c+ 18)(4c − 9)(7c − 15)(19c4 − 1931c3 − 1924c2 + 6584c − 4728),
g109 = − 22
21d(c))
(c+ 18)(4c − 9)(7c − 15)(37c5 − 2402c4 + 15797c3 − 24392c2 + 4100c + 7920),
g110 = − 22
21d(c)
(c+ 18)(4c − 9)(7c − 15)(221c5 + 2114c4 + 1953c3 − 22088c2 + 21332c − 5712),
g111 = − 11
63d(c)
(c+ 18)(4c − 9)(7c − 15)
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× (165c6 + 913c5 − 2619c4 + 5505c3 + 1760c2 − 20148c + 18864),
g112 = − 22
21d(c)
(c+ 18)(4c − 9)(7c − 15)(81c5 + 560c4 + 2669c3 + 10636c2 − 30492c + 24576),
g113 =
11
42d(c)
(c+ 12)(c + 18)(4c − 9)(7c − 15)(109c4 + 1062c3 − 4223c2 + 4900c − 2508),
g114 =
11
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (6c6 + 25c5 − 1380c4 + 17101c3 + 4888c2 − 65164c + 52464),
g115 =
11
21d(c)
(c+ 12)(c + 18)(4c − 9)(7c − 15)(3c4 − 178c3 − 349c2 + 1388c − 644),
g116 = − 11
42d(c)
(c+ 18)(4c − 9)(7c − 15)
× (69c6 − 50c5 − 3279c4 + 8780c3 − 4044c2 − 5600c + 4224),
g117 =
88
7d(c)
(c+ 18)(4c − 9)(7c − 15)(8c4 − 397c3 − 553c2 + 1978c + 344),
g118 =
44
21d(c)
(c+ 18)(4c − 9)(7c − 15)(15c5 − 791c4 + 1448c3 + 1082c2 − 1332c − 1392),
g119 = − 11
14d(c)
(c+ 18)(4c − 9)(7c − 15)(133c5 + 394c4 − 9279c3 + 20024c2 − 2412c − 12880),
g120 = − 11
63d(c)
(c+ 18)(4c − 9)(7c − 15)
× (10c6 − 233c5 + 780c4 + 22963c3 − 69768c2 + 33356c + 34512),
g121 = − 11
21d(c)
(c+ 18)(4c − 9)(7c − 15)(201c5 + 3038c4 − 3943c3 − 12992c2 − 1244c + 34800),
g122 = − 11
126d(c)
(c+ 18)(4c − 9)(7c − 15)(15c6 − 724c5 − 8077c4
+ 42482c3 − 20772c2 − 75624c + 60000),
g123 =
1
27216d(c)
(c+ 18)(4c − 9)(270c8 + 33930c7 − 3440805c6 + 10604631c5 + 45769551c4
− 215694881c3 + 168965116c2 + 73731228c − 114855600),
g124 =
1
189d(c)
(c+ 18)(4c − 9)(1534128c4 − 420433c3 + 2987923c2 − 6448618c + 7860240),
g125 =
16
189d(c)
(c+ 18)(4c − 9)(141040c3 + 135667c2 − 658666c + 449864),
g126 =
8
63d(c)
(c+ 18)(4c − 9)(243776c4 − 963011c3 − 2649879c2 + 7047194c − 4592960),
g127 =
(c+ 18)
189d(c)
(4c− 9)(262953c5 − 103656c4
+ 1139981c3 − 11673926c2 + 24972848c − 13112400),
g128 =
8
63d(c)
(c+ 18)(4c − 9)(82419c5 − 472936c4
+ 592296c3 + 532459c2 − 1667198c + 691120),
83
g129 =
4
63d(c)
(c+ 18)(4c − 9)(294069c5 − 256143c4
− 5037032c3 + 9147382c2 − 5511476c + 349600),
g130 =
1
189d(c)
(c+ 18)(4c − 9)(1251639c6 − 5154105c5 − 3627207c4
+ 45878577c3 − 78136316c2 + 41281732c − 271440),
g131 =
1
189d(c)
(c+ 18)(4c − 9)(−216603c6 − 882087c5 + 1561151c4
+ 4247859c3 + 45396484c2 − 91851364c + 58661840),
g132 =
1
189d(c)
(c+ 18)(4c − 9)(−174429c6 + 1839363c5 − 1101231c4
− 21457239c3 + 38219868c2 + 7048628c − 26386000),
g133 =
1
1134d(c)
(c+ 18)(4c − 9)(−475245c7 + 469812c6 + 7397670c5 − 17815704c4
+ 47920239c3 − 243327056c2 + 338526844c − 169470960),
g134 = − 2
189d(c)
(c+ 18)(4c − 9)(74313c6 + 110397c5 − 3093819c4
+ 5586579c3 − 14669262c2 + 9934912c − 4791440),
g135 =
1
1134d(c)
(c+ 18)(4c − 9)(−190152c7 + 832755c6 + 9239727c5 − 67190247c4
+ 158826669c3 − 175083092c2 + 57252900c + 4653680),
g136 =
1
13608d(c)
(c+ 18)(4c − 9)(54675c6 + 6848379c5 − 43308495c4
+ 113526145c3 − 170739620c2 + 157450836c − 63193680),
g137 = − 1
2268d(c)
(3c− 8)(c + 18)(4c − 9)(585c6 − 894591c5 + 4652247c4
− 9340773c3 + 13034992c2 − 12846812c + 4791120),
g138 =
1
756d(c)
(c+ 18)(4c − 9)(1023309c6 − 3506835c5 + 9746335c4
− 68041505c3 + 209164956c2 − 265302660c + 110873040),
g139 =
2
189d(c)
(c+ 18)(4c − 9)(366429c5 − 678193c4
− 174152c3 − 12317548c2 + 25111224c − 15778320),
g140 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(92769c5 − 441878c4
+ 850917c3 − 1068352c2 + 703668c + 18096),
g141 =
1
756d(c)
(c+ 18)(4c − 9)(−422505c6 + 2359047c5 − 24584763c4
− 19229307c3 + 369783732c2 − 559725484c + 162900080),
g142 =
1
4536d(c)
(c+ 18)(4c − 9)(−4185c7 − 526401c6 + 3653373c5 + 10280229c4
− 86800524c3 + 114801940c2 + 39099088c − 115366080),
84
g143 =
1
378d(c)
(c+ 18)(4c − 9)(−42579c6 + 38943c5 + 5072241c4
− 17465121c3 − 16467840c2 + 86619556c − 75520880),
g144 =
1
504d(c)
(c+ 18)(4c − 9)(7c − 15)(−7911c6 − 1080c5 + 228897c4
− 815234c3 + 1501700c2 − 3250904c + 3327072),
g145 =
1
1134d(c)
(c+ 18)(4c − 9)(−27657c7 + 84678c6 + 2719818c5 − 14454542c4
+ 4424159c3 + 99156580c2 − 181929196c + 101753840),
g146 = − 4
63d(c)
(c+ 18)(4c − 9)(300504c5 − 1530069c4
− 2079871c3 + 22480376c2 − 29629180c + 10548320),
g147 = − 2
189d(c)
(c+ 18)(4c − 9)(625455c6 − 3210129c5 − 300153c4
+ 27655623c3 − 53627648c2 + 32145412c − 271440),
g148 =
1
189d(c)
(c+ 18)(4c − 9)(162459c6 + 2933967c5 − 32595351c4
+ 75850941c3 − 16839780c2 − 67186556c + 17845360),
g149 =
1
1134d(c)
(c+ 18)(4c − 9)(475110c7 − 3251841c6 + 9988227c5 + 14280429c4
− 145988349c3 + 167392540c2 + 72391324c − 185757360),
g150 =
4
189d(c)
(c+ 18)(4c − 9)(23769c6 − 254280c5 + 1408404c4
+ 2464431c3 − 37531800c2 + 69153716c − 42505600),
g151 =
1
1134d(c)
(c+ 18)(4c − 9)(189990c7 − 432285c6 − 11776965c5 + 53366073c4
− 47183853c3 − 146220332c2 + 325480812c − 203762800),
g152 =
2
63d(c)
(c+ 18)(4c − 9)(7c − 15)(69837c4 + 80102c3 − 273197c2 − 8398c − 9264),
g153 =
5
63d(c)
(c+ 18)(4c − 9)(7c − 15)(59920c3 + 99239c2 − 369542c + 118512),
g154 =
4
21d(c)
(c+ 18)(4c − 9)(7c − 15)(22483c4 − 80817c3 − 234518c2 + 603208c − 194656),
g155 =
1
1512d(c)
(c+ 18)(4c − 9)(7c − 15)(292707c5 + 774462c4
− 3643553c3 − 1591472c2 + 8949660c − 2864304),
g156 =
1
1512d(c)
(c+ 18)(4c − 9)(−562455c6 − 5398647c5 + 25184739c4
− 35895549c3 + 74930604c2 − 108934132c + 14813840),
g157 =
1
21d(c)
(c+ 18)(4c − 9)(−105463c5 − 819822c4
+ 3550777c3 + 35728c2 − 5642220c − 104560),
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g158 =
1
504d(c)
(c+ 18)(4c − 9)(7c − 15)(−45581c5 − 75866c4
+ 1615031c3 − 1802776c2 − 4285428c + 5960400),
g159 =
1
756d(c)
(c+ 18)(4c − 9)(−138495c7 − 520346c6 + 606288c5 + 26463330c4
− 90266845c3 + 99376456c2 − 47040788c + 30331600),
g160 =
1
756d(c)
(c+ 18)(4c − 9)(−373575c6 − 2267971c5 + 6491907c4
− 31017c3 − 6577068c2 + 55992044c − 116103920),
g161 = − 2
189d(c)
(c+ 18)(4c − 9)(199091c5 + 1646137c4
− 6103252c3 + 10943272c2 − 24441808c + 33035440),
g162 =
1
378d(c)
(c+ 18)(4c − 9)(−178347c6 − 21231c5 + 15272175c4
− 59486805c3 + 84471732c2 − 76464484c + 65345360),
g163 =
1
252d(c)
(c+ 18)(4c − 9)(7c − 15)(−75337c5 − 554838c4
+ 561551c3 + 3297104c2 − 2733092c − 2489328),
g164 =
1
2268d(c)
(c+ 18)(4c − 9)(39990c7 + 290601c6 − 1768743c5 + 7591803c4
− 19564683c3 + 28507012c2 − 53076860c + 66726960),
g165 =
1
4536d(c)
(c+ 18)(4c − 9)(−554085c7 − 769497c6 + 23913393c5 − 60404875c4
− 77152300c3 + 539972532c2 − 857056848c + 457760640),
g166 =
378d(c)
(c+ 18)(4c − 9)(−183939c6 − 145125c5 + 9357785c4
− 32632385c3 + 15566564c2 − 1629780c + 8217840),
g167 =
1
4536d(c)
(c+ 18)(4c − 9)(119835c7 + 215001c6 − 683421c5 − 59477757c4
+ 73321842c3 + 452224012c2 − 823406552c + 236772000),
g168 =
1
2268d(c)
(c+ 18)(4c − 9)(23886c7 − 138501c6 − 1098825c5 + 8561277c4
− 70074753c3 + 208979872c2 − 197776524c + 2931248),
g169 =
1
45360d(c)
(c+ 18)(4c − 9)(79170c8 − 50580c7 − 9407661c6 + 63719587c5 − 153782941c4
+ 87595321c3 + 185469740c2 − 191366716c − 5370960),
g170 =
1
126d(c)
(c+ 18)(4c − 9)(7c − 15)(3c7 − 48c6 − 815c5 + 1796c4
− 20932c3 + 62864c2 − 50480c + 1632),
g171 =
1
4536d(c)
(c+ 18)(4c − 9)(−1890c8 + 90c7 + 293955c6 − 1336737c5 + 3168903c4
− 2937673c3 − 2876452c2 + 3876924c − 682800),
86
g172 = − 2
63d(c)
(c+ 18)(4c − 9)(131376c4 − 202711c3 − 302219c2 + 294074c − 101520),
g173 = − 128
63d(c)
(c+ 18)(4c − 9)(20c − 13)(98c2 − 129c − 194),
g174 = − 16
21d(c)
(c+ 18)(4c − 9)(1652c4 − 98177c3 + 263487c2 − 101002c − 48320),
g175 = − 2
63d(c)
(c+ 18)(4c − 9)(45801c5 − 47772c4 − 440083c3 + 910558c2 − 363304c − 152400),
g176 = − 16
21d(c)
(c+ 18)(4c − 9)(588c5 − 36292c4 + 161817c3 − 243347c2 + 127114c − 6560),
g177 = − 8
21d(c)
(c+ 18)(4c − 9)(273c5 − 14301c4 − 6314c3 + 108034c2 − 27092c − 60800),
g178 = − 2
63d(c)
(c+ 18)(4c − 9)(1953c6 − 119295c5 + 579231c4
− 1030281c3 + 803548c2 − 255716c + 720),
g179 =
2(c+ 18)
63d(c)
(4c − 9)(861c6 − 29391c5 − 1133657c4
+ 4368507c3 − 4375708c2 + 974908c + 362320),
g180 =
2(c+ 18)
63d(c)
(4c − 9)(1323c6 − 72861c5 − 243063c4
+ 1554153c3 − 1902276c2 + 898804c − 203600),
g181 =
1
189d(c)
(c+ 18)(4c − 9)(315c7 − 17724c6 − 18570c5 + 3771528c4
− 12915513c3 + 12105392c2 − 2283748c − 1069680),
g182 =
4
63d(c)
(c+ 18)(4c − 9)(441c6 − 23181c5 − 168783c4
+ 698013c3 − 631674c2 + 484624c − 328880),
g183 =
1
189d(c)
(c+ 18)(4c − 9)(504c7 − 27885c6 − 122169c5 + 2445849c4
− 7192203c3 + 7285004c2 − 3313020c + 793840),
g184 =
1
2268d(c)
(c+ 18)(4c − 9)(−382725c6 + 175347c5 + 9121545c4
− 29407735c3 + 33144380c2 − 11888652c − 530640),
g185 =
1
378d(c)
(3c− 8)(c + 18)(4c − 9)(4095c6 + 42183c5 − 88431c4
− 298851c3 + 690304c2 − 294404c − 42960),
g186 =
1
126d(c)
(c+ 18)(4c − 9)(16317c6 + 108045c5 + 496175c4
− 5061985c3 + 10644348c2 − 8247300c + 1632720),
g187 =
4
63d(c)
(c+ 18)(4c − 9)(6027c5 + 39571c4 + 160094c3 − 724244c2 + 223632c + 122640),
g188 =
1
21d(c)
(c+ 18)(4c − 9)(7c − 15)(57c5 − 3574c4 + 2061c3 + 12544c2 − 15276c + 48),
87
g189 =
1
126d(c)
(c+ 18)(4c − 9)(46935c6 + 344391c5 − 1960539c4
− 3602811c3 + 19759956c2 − 16297772c + 918640),
g190 =
1
756d(c)
(c+ 18)(4c − 9)(29295c7 + 2007c6 − 1069131c5 + 3951597c4
− 3487692c3 − 4812940c2 + 7455824c − 911040),
g191 =
(c+ 18)
63d(c)
(4c− 9)(6993c6 − 1341c5 − 224067c4
+ 1719387c3 − 4142880c2 + 2882708c − 40240),
g192 =
1
84d(c)
(c+ 18)(4c − 9)(7c − 15)(−63c6 − 360c5 + 2841c4
− 1042c3 − 46940c2 + 31208c + 26976),
g193 =
1
189d(c)
(c+ 18)(4c − 9)(−441c7 − 1386c6 + 28674c5 − 904366c4
+ 3121207c3 − 2904460c2 − 116108c + 945520),
g194 = − 8
21d(c)
(c+ 18)(4c − 9)(882c5 − 48177c4 − 167813c3 + 941008c2 − 853460c + 160960),
g195 = − 4
63d(c)
(c+ 18)(4c − 9)(1575c6 − 98457c5 + 391671c4
− 429801c3 − 40864c2 + 216356c − 720),
g196 = −2(c+ 18)
63d(c)
(4c− 9)(693c6 − 46311c5 + 336423c4
+ 387867c3 − 3181020c2 + 2718748c − 112880),
g197 =
1
189d(c)
(c+ 18)(4c − 9)(630c7 − 30873c6 − 379989c5 + 4992837c4
− 14666997c3 + 15196220c2 − 4653508c − 1112880),
g198 = − 8
63d(c)
(c+ 18)(4c − 9)(63c6 − 4890c5 + 67728c4
− 912513c3 + 2593440c2 − 2163148c + 543200),
g199 =
1
189d(c)
(c+ 18)(4c − 9)(630c7 − 35085c6 − 162885c5 + 1152489c4
− 567069c3 − 3787276c2 + 5366316c − 2322800),
g200 =
4
21d(c)
(c+ 18)(4c − 9)(7c − 15)(861c4 + 8206c3 − 1621c2 + 5986c + 1488),
g201 =
10
21d(c)
(c+ 18)(4c − 9)(7c − 15)(848c3 + 8095c2 − 5686c + 6768),
g202 =
8
7d(c)
(c+ 18)(4c − 9)(7c − 15)(29c4 − 1551c3 − 11014c2 + 16064c − 4928),
g203 =
252d(c)
(c+ 18)(4c − 9)(7c − 15)(2331c5 + 22446c4
− 5449c3 − 180016c2 + 300540c − 98352),
g204 =
1
252d(c)
(c+ 18)(4c − 9)(56385c6 − 11631c5 − 2686773c4
88
+ 11981883c3 − 18743028c2 + 6918124c + 5071120),
g205 =
2
7d(c)
(c+ 18)(4c − 9)(5971c5 + 25134c4 − 229189c3 + 390104c2 − 140100c − 33680),
g206 =
1
84d(c)
(c+ 18)(4c − 9)(7c − 15)(−373c5 − 2218c4
+ 23023c3 + 53032c2 − 256404c + 221520),
g207 =
1
126d(c)
(c+ 18)(4c − 9)(−735c7 − 7378c6 − 31896c5 − 510630c4
+ 3822475c3 − 7366072c2 + 4269836c + 146000),
g208 =
1
126d(c)
(c+ 18)(4c − 9)(27825c6 + 365797c5 − 1149429c4
− 730641c3 + 2394996c2 + 1405132c − 1870960),
g209 =
4
63d(c)
(c+ 18)(4c − 9)(9947c5 + 129379c4 − 458014c3 + 295024c2 − 328216c + 644080),
g210 =
63d(c)
(c+ 18)(4c − 9)(1029c6 − 37503c5 − 1446465c4
+ 8032635c3 − 13411404c2 + 6475228c + 780880),
g211 =
1
42d(c)
(c+ 18)(4c − 9)(7c − 15)(−641c5 − 7494c4 − 7817c3 + 4432c2 + 18044c − 62064),
g212 =
1
378d(c)
(c+ 18)(4c − 9)(−2730c7 + 1233c6 + 57681c5 − 2034861c4
+ 10003101c3 − 16987804c2 + 9551780c − 125520),
g213 =
1
756d(c)
(c+ 18)(4c − 9)(−2205c7 + 8799c6 + 198729c5 + 816925c4
− 8304140c3 + 20430036c2 − 23033424c + 10561920),
g214 =
1
63d(c)
(c+ 18)(4c − 9)(−1407c6 − 1185c5 + 89605c4
+ 893675c3 − 1742348c2 − 2855460c + 3459120),
g215 =
1
756d(c)
(c+ 18)(4c − 9)(−7245c7 + 47313c6 + 1512987c5 − 5063061c4
− 17619294c3 + 79973996c2 − 86415256c + 26704800),
g216 =
1
378d(c)
(c+ 18)(4c − 9)(−882c7 + 11187c6 + 37095c5 − 1265499c4
+ 5601471c3 − 11901904c2 + 14259828c − 6980816),
g217 =
1
189d(c)
(c+ 18)(4c − 9)(−90c8 − 90c7 + 19455c6 − 104869c5 + 107515c4
+ 308109c3 − 634042c2 + 291364c − 62640),
g218 = − 80
21d(c)
(c+ 18)(4c − 9)(6096c3 − 2809c2 − 17966c + 13808),
g219 = − 80
63d(c)
(c+ 18)(4c − 9)(13257c4 − 27821c3 − 7135c2 + 53020c − 38640),
g220 = − 10
63d(c)
(c+ 18)(4c − 9)(19197c5 − 72906c4 + 75965c3 − 31032c2 + 80596c − 80400),
89
g221 =
40
63d(c)
(c+ 18)(4c − 9)(228c6 − 14949c5 + 123220c4
− 301133c3 + 252994c2 − 27140c − 34320),
g222 = − 20
21d(c)
(c+ 18)(4c − 9)(3819c5 − 13562c4 + 15695c3 + 35476c2 − 110548c + 69520),
g223 = − 10
63d(c)
(c+ 18)(4c − 9)(9477c6 − 37995c5 + 5173c4
+ 153891c3 − 205310c2 + 44324c + 31440),
g224 =
20
63d(c)
(c+ 18)(4c − 9)(1395c6 + 27692c5 − 110585c4
− 21390c3 + 272348c2 + 24864c − 191040),
g225 =
10
21d(c)
(c+ 18)(4c − 9)(1011c6 − 6685c5 + 12515c4
− 28659c3 + 106830c2 − 148052c + 43760),
g226 =
10
63d(c)
(c+ 18)(4c − 9)(477c7 − 1746c6 − 6298c5 + 71104c4
− 246755c3 + 368286c2 − 199708c + 11280),
g227 =
10
21d(c)
(c+ 18)(4c − 9)
× (489c6 − 1364c5 − 18887c4 + 67270c3 − 49488c2 − 40760c + 45600),
g228 =
10
189d(c)
(c+ 18)(4c − 9)(486c7 − 1419c6 − 33744c5 + 231697c4
− 508856c3 + 402488c2 − 29272c − 62880),
g229 = − 40
63d(c)
(c+ 18)(4c − 9)(7761c5 − 58352c4 + 23253c3 + 121752c2 − 45140c + 10320),
g230 = − 80
63d(c)
(c+ 18)(4c − 9)(4882c4 − 68019c3 + 38490c2 + 151372c − 78720),
g231 = − 40
21d(c)
(c+ 18)(4c − 9)(343c5 − 22056c4 + 159035c3 − 268298c2 + 52988c + 67120),
g232 = − 10
189d(c)
(c+ 18)(4c − 9)(18225c6 − 46848c5 − 332323c4
+ 1476154c3 − 1946332c2 + 756984c + 90720),
g233 =
20
63d(c)
(c+ 12)(c + 18)(4c − 9)(1731c5 − 8585c4 + 20519c3 − 33363c2 + 20866c + 10220),
g234 =
40
21d(c)
(c+ 18)(4c − 9)(2099c5 + 32122c4 − 110529c3 − 19982c2 + 199604c + 2320),
g235 =
10
21d(c)
(c+ 18)(4c − 9)(763c6 − 3594c5 − 19489c4
+ 134932c3 − 213840c2 + 30880c + 96640),
g236 =
10
63d(c)
(3c− 8)(c + 18)(4c − 9)(195c6 − 493c5 + 8747c4
− 40059c3 + 68806c2 − 49588c + 11280),
90
g237 =
10
63d(c)
(c+ 18)(4c − 9)(1866c6 + 1757c5 + 23458c4
+ 119349c3 − 499894c2 + 398660c − 53040),
g238 =
40
21d(c)
(c+ 18)(4c − 9)(443c5 + 724c4 + 23935c3 + 17768c2 − 173660c + 134000),
g239 = − 20
21d(c)
(c+ 18)(4c − 9)
× (111c6 − 7548c5 + 72827c4 − 223666c3 + 301112c2 − 178096c + 29760),
g240 =
10
21d(c)
(c+ 18)(4c − 9)(984c6 − 3659c5 + 46656c4
− 35279c3 − 402294c2 + 687268c − 122800),
g241 = − 10
63d(c)
(c+ 18)(4c − 9)(120c7 − 1287c6 + 4254c5 + 28319c4
− 64680c3 − 4418c2 − 116352c + 274080),
g242 =
10
189d(c)
(c+ 18)(4c − 9)(918c7 + 1836c6 − 50245c5 + 143604c4
+ 121361c3 − 765994c2 + 565460c + 129360),
g243 =
20
63d(c)
(c+ 18)(4c − 9)(408c6 + 1021c5 − 30454c4
+ 192145c3 − 250296c2 − 168204c + 370160),
g244 = − 10
63d(c)
(c+ 18)(4c − 9)(78c7 − 108c6 + 2243c5 − 16880c4
+ 54353c3 − 189246c2 + 399540c − 301680),
g245 = − 5
189d(c)
(c+ 18)(4c − 9)(150c7 + 385c6 − 23625c5 + 143885c4
− 769841c3 + 2257442c2 − 2765932c + 902160),
g246 = − 80
21d(c)
(c+ 18)(4c − 9)(4195c4 − 1047c3 − 40025c2 + 55008c + 3760),
g247 = − 40
21d(c)
(c+ 18)(4c − 9)(3609c5 − 1335c4 − 49737c3 + 104901c2 − 72164c + 32000),
g248 =
10
7d(c)
(c+ 18)(4c − 9)(2701c5 − 5894c4 − 31363c3 + 99732c2 − 70492c − 5200),
g249 =
20
21d(c)
(c+ 18)(4c − 9)(2319c5 + 9138c4 − 31589c3 + 13120c2 − 113284c + 214160),
g250 =
20
63d(c)
(c+ 18)(4c − 9)(1116c6 − 13153c5 + 44010c4
− 9795c3 − 142538c2 + 126284c + 42480),
g251 =
20
63d(c)
(c+ 18)(4c − 9)(1091c6 + 10161c5 − 27479c4
− 377765c3 + 1175300c2 − 618356c − 441840),
g252 =
20(50c3 − 153c2 + 315c − 54)
21(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
91
g253 = − 10
189d(c)
(c+ 18)(4c − 9)(285c7 − 3522c6 − 35938c5 + 269676c4
− 556887c3 + 595950c2 − 471660c + 85200),
g254 =
10
63d(c)
(c+ 18)(4c − 9)(627c6 + 5374c5 + 44127c4
− 383192c3 + 475524c2 + 433392c − 689280),
g255 = − 5
63d(c)
(c+ 18)(4c − 9)(66c7 − 2211c6 − 5180c5 + 96103c4
− 224456c3 + 58658c2 + 239816c − 146176),
g256 =
11
3780d(c)
(c+ 18)(4c − 9)(180c8 − 180c7 − 21765c6 + 157788c5 − 528517c4
+ 460462c3 + 821708c2 − 1216416c + 198720),
g257 = − 176
21d(c)
(c+ 18)(4c − 9)(80c3 − 4329c2 + 4962c − 2608),
g258 = − 176
63d(c)
(c+ 18)(4c − 9)(171c4 − 9956c3 + 25436c2 − 24506c + 6360),
g259 = − 22
63d(c)
(c+ 18)(4c − 9)(243c5 − 15138c4 + 61983c3 − 85808c2 + 35980c + 1680),
g260 =
88
63d(c)
(c+ 18)(4c − 9)(4479c5 + 452c4 − 43237c3 + 109792c2 − 112436c + 38400),
g261 =
88
63d(c)
(c+ 18)(4c − 9)(6604c4 + 11431c3 − 38011c2 + 40346c − 21360),
g262 =
176
21d(c)
(c+ 18)(4c − 9)(28c5 − 1577c4 − 2573c3 + 14678c2 − 12966c + 1880),
g263 =
11(c + 18)
189d(c)
(4c− 9)(18225c6 − 27165c5 − 237457c4
+ 752397c3 − 644252c2 − 43068c + 174960),
g264 = − 88
63d(c)
(c+ 18)(4c − 9)(45c6 − 4887c5 + 22329c4 − 12699c3 − 41686c2 + 49518c − 7320),
g265 =
44
63d(c)
(c+ 18)(4c − 9)(249c6 − 16059c5 + 101543c4
− 253253c3 + 227044c2 + 22196c − 88080),
g266 =
22
63d(c)
(c+ 12)(c + 18)(4c − 9)(177c5 − 457c4 + 4119c3 − 13923c2 + 11424c − 260),
g267 = − 176
21d(c)
(c+ 18)(4c − 9)(23c5 − 4919c4 + 6774c3 + 24481c2 − 45744c + 27280),
g268 = − 11
21d(c)
(c+ 18)(4c − 9)(931c6 − 335c5 − 18139c4
+ 38639c3 + 88420c2 − 402836c + 375440),
g269 = − 11
126d(c)
(c+ 18)(4c − 9)(1170c7 + 2985c6 − 28259c5 + 141419c4
− 560379c3 + 883164c2 − 433140c − 42480),
92
g270 = − 22
63d(c)
(c+ 18)(4c − 9)(222c6 − 4807c5 + 46014c4
− 161769c3 + 440212c2 − 576072c + 258720),
g271 = − 88
63d(c))
(c+ 18)(4c − 9)(165c5 − 3333c4 + 25253c3 + 31402c2 − 80902c + 36600),
g272 = − 88
21d(c)
(c+ 18)(4c − 9)(33c6 − 2232c5 + 19960c4
− 62545c3 + 70802c2 − 12248c − 15360),
g273 = − 22
21d(c)
(c+ 18)(4c − 9)(576c6 + 2159c5 + 18482c4
− 70077c3 − 28984c2 + 184884c − 155280),
g274 = − 11
126d(c)
(c+ 18)(4c − 9)(30c7 − 2199c6 − 14551c5 + 52307c4
− 75747c3 + 228476c2 − 336076c + 55920),
g275 = − 11
189d(c)
(c+ 18)(4c − 9)(918c7 − 21c6 − 33223c5 + 150105c4
− 171483c3 − 412484c2 + 973548c − 526320),
g276 = − 44
63d(c)
(c+ 18)(4c − 9)(225c6 + 236c5 + 1897c4
+ 30008c3 − 247068c2 + 388012c − 208240),
g277 =
11(c + 18)
63d(c)
(4c− 9)(6c7 + 609c6 + 887c5 + 31567c4
− 189813c3 + 449308c2 − 659124c + 413840),
g278 =
11
756d(c)
(c+ 18)(4c − 9)(120c7 − 1760c6 − 75337c5 + 455562c4
+ 57343c3 − 3932888c2 + 6392420c − 3266640),
g279 =
44
21d(c)
(c+ 18)(4c − 9)(2319c5 − 3956c4 − 23059c3 + 62404c2 − 53148c + 14800),
g280 =
11
63d(c)
(c+ 18)(4c − 9)(9477c6 − 36411c5 − 18185c4
+ 216495c3 − 225252c2 − 37004c + 86640),
g281 =
11
21d(c)
(c+ 18)(4c − 9)(213c6 − 11855c5 + 52943c4
− 98693c3 + 140940c2 − 169548c + 91120),
g282 = − 11
63d(c)
(c+ 18)(4c − 9)(477c7 − 1230c6 − 7150c5 + 32158c4
− 21915c3 − 45632c2 + 34732c + 24720),
g283 =
22
21d(c)
(c+ 18)(4c − 9)(3c6 − 202c5 + 503c4 − 11528c3 + 57580c2 − 79976c + 28320),
g284 = − 22
189d(c)
(c+ 18)(4c − 9)
× (243c7 − 795c6 − 10749c5 + 49307c4 − 45450c3 − 58048c2 + 110932c − 45840),
93
g285 =
176
21d(c)
(c+ 18)(4c − 9)(3389c4 + 2916c3 − 47276c2 + 61726c − 23240),
g286 =
44
21d(c)
(c+ 18)(4c − 9)(4617c5 − 5848c4 − 53777c3 + 154292c2 − 139344c + 29440),
g287 =
22
7d(c)
(c+ 18)(4c − 9)(213c5 − 11306c4 + 26581c3 + 21664c2 − 61892c + 4880),
g288 =
44
21d(c)
(c+ 18)(4c − 9)(169c5 − 9148c4 + 5303c3 + 65592c2 − 69716c − 27760),
g289 =
11
63d(c)
(c+ 18)(4c − 9)(657c6 − 37867c5 + 147795c4
− 115425c3 − 124292c2 + 46412c + 130320),
g290 = − 44
63d(c)
(c+ 18)(4c − 9)(703c6 + 8125c5 + 13077c4
− 177397c3 + 257304c2 + 5908c − 109200),
g291 = − 11(133c
3 − 888c2 + 745c + 270)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g292 = −11(c+ 12)
189d(c)
(c+ 18)(4c − 9)(75c6 − 3450c5 + 24846c4
− 61394c3 + 51555c2 + 29628c − 52380),
g293 = − 22
63d(c)
(c+ 18)(4c − 9)(471c6 − 94c5 − 14965c4
+ 58500c3 − 168796c2 + 430464c − 392640),
g294 = − 11
63d(c)
(c+ 18)(4c − 9)(12c7 − 717c6 − 440c5 + 20163c4
− 12750c3 − 166852c2 + 334948c − 174544),
g295 = − 11
6804d(c)
(2700c9 + 19890c8 + 982473c7 − 2869278c6 − 38080623c5 + 225907902c4
− 435221980c3 + 281645120c2 + 49821936c − 82434240),
g296 = − 440
189d(c)
(75072c5 − 22400c4 − 949713c3 + 1594868c2 − 1242708c + 182304),
g297 = − 1760
189d(c)
(17920c4 + 18322c3 − 367777c2 + 584066c − 272880),
g298 = − 880
63d(c)
(50048c5 − 87950c4 − 1615395c3 + 6639000c2 − 7876228c + 3215520),
g299 = − 440
567d(c)
(78516c6 − 128676c5 − 272257c4
− 2046118c3 + 10495212c2 − 14684472c + 5922720),
g300 = − 880
63d(c)
(34896c6 − 109310c5 − 720956c4
+ 4384211c3 − 8814282c2 + 7933696c − 2580480),
g301 = − 55
1701d(c)
(218700c7 − 654759c6 + 1552032c5 − 24397223c4
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+ 119501698c3 − 247092684c2 + 236806776c − 87726240),
g302 = − 110
189d(c)
(145800c7 − 659337c6 − 1084556c5 + 11396927c4
− 24532882c3 + 20544604c2 − 4304856c − 1317600),
g303 =
1760
189d(c)
(9636c6 − 30138c5 − 798891c4 + 3871226c3 − 6086812c2 + 1337064c + 2168640),
g304 =
220
189d(c)
(26352c7 − 142275c6 − 2066646c5 + 13702985c4
− 26614412c3 + 11039360c2 + 14381736c − 9223200),
g305 =
220
189d(c)
(11664c8 + 114705c7 − 1146123c6 + 2204193c5 + 2296855c4
− 10585714c3 + 7644412c2 + 2585208c − 2570400),
g306 =
440
567d(c))
(22464c8 + 256896c7 − 1522029c6 − 2278006c5 + 29552061c4
− 79406486c3 + 98880444c2 − 51900984c + 4263840),
g307 =
880
189d(c)
(10674c7 + 133065c6 − 193007c5 − 1867691c4
+ 921587c3 + 11754034c2 − 12898912c + 2498400),
g308 = − 440
189d(c)
(c+ 18)(4c − 9)(252c6 + 831c5 − 7178c4 + 1761c3 + 6158c2 − 54924c + 60240),
g309 =
220
189d(c)
(66600c7 + 864357c6 − 5671110c5 − 14850519c4
+ 113717484c3 − 194772256c2 + 124433864c − 14677920),
g310 = − 55
567d(c)
(6480c9 + 26406c8 − 702807c7 + 7542303c6 − 43143369c5 + 137338479c4
− 270293228c3 + 311793112c2 − 110789736c − 26598240),
g311 =
440
189d(c)
(11736c7 + 99789c6 − 800994c5 + 3414513c4
− 12036999c3 + 21724034c2 − 3972424c − 10565280),
g312 =
110
189d(c)
(16920c8 + 121245c7 − 1925880c6 + 7768803c5 − 11118178c4
− 8040462c3 + 43138372c2 − 42244320c + 10670400),
g313 = − 110
567d(c)
(9576c8 + 321936c7 + 983931c6 − 8031738c5 + 35068203c4
− 247077040c3 + 685259288c2 − 626900136c + 177547680),
g314 = − 110
189d(c)
(2592c8 + 39573c7 + 244185c6 − 588723c5 − 25366917c4
+ 121262562c3 − 208758820c2 + 154418408c − 33521760),
g315 = − 110
1701d(c)
(6912c9 + 70704c8 − 913830c7 + 2463801c6 + 6707100c5 − 76191867c4
+ 303245488c3 − 562399784c2 + 397912296c − 78153120),
95
g316 = − 220
567d(c)
(2304c8 + 47226c7 − 327027c6 − 2111052c5 + 15011133c4
− 38563088c3 + 48602704c2 − 4415880c − 16247520),
g317 = − 55
2268d(c)
(5760c9 + 68664c8 − 1149888c7 − 2753637c6 + 54526944c5 − 170726221c4
+ 188145570c3 − 13709740c2 − 121599512c + 53350560),
g318 =
110
189d(c)
(9324c7 − 78771c6 + 141400c5 + 6246773c4
− 39604982c3 + 95449044c2 − 104485128c + 40249440),
g319 =
440
189d(c)
(6888c6 + 20750c5 − 294623c4
+ 3691028c3 − 12970656c2 + 15344808c − 7447680),
g320 =
220
63d(c)
(c+ 18)(4c − 9)(1533c5 − 10840c4 + 27621c3 − 34274c2 + 9820c + 5680),
g321 = − 55
567d(c)
(182250c7 − 1340337c6 + 2778044c5 − 177025c4
− 280080c3 − 17509728c2 + 32278536c − 15564960),
g322 =
110
567d(c)
(7020c8 + 83745c7 − 512802c6 + 521697c5 + 665592c4
− 901952c3 − 6257576c2 + 22610976c − 17712000),
g323 = − 220
189d(c)
(11664c8 + 102477c7 − 1295826c6 + 3360573c5 + 316212c4
− 10271768c3 + 8582392c2 + 1976736c − 2453760),
g324 =
110
189d(c)
(9324c8 + 146139c7 − 202511c6 − 4250207c5 + 10925659c4
+ 13144068c3 − 70183216c2 + 76275624c − 23410080),
g325 =
110
189d(c)
(53532c7 + 767685c6 − 2193444c5 − 10896171c4
+ 9742374c3 + 98626204c2 − 180480680c + 88161120),
g326 = − 55
63d(c)
(840c8 + 9860c7 + 48679c6 + 1019934c5 − 6951781c4
+ 3898456c3 + 38360160c2 − 74863128c + 39506400),
g327 =
55
189d(c)
(4464c8 − 7341c7 − 558519c6 + 4947737c5 − 18320529c4
+ 34654036c3 − 33672936c2 + 14996088c − 2008800),
g328 =
55
567d(c)
(16740c8 + 28035c7 − 2868195c6 + 14771073c5 − 28031037c4
+ 34901672c3 − 69359032c2 + 93286344c − 42487200),
g329 =
220
189d(c)
(3996c7 + 12855c6 − 689520c5 + 2504119c4
+ 1801300c3 − 18685216c2 + 23304536c − 8197920),
96
g330 =
220
63d(c)
(1800c8 + 231c7 − 226962c6 + 1842287c5 − 6541848c4
+ 11783392c3 − 10109556c2 + 2626296c + 704160),
g331 = − 55
63d(c)
(c+ 18)(4c − 9)(189c6 − 63c5 − 12315c4
+ 52871c3 − 23558c2 − 57564c + 54160),
g332 = − 55
189d(c)
(756c9 + 7755c8 − 65685c7 + 47744c6 − 848063c5 + 9440203c4
− 28907678c3 + 30662324c2 + 209304c − 12972960),
g333 =
55
1701d(c)
(18756c8 + 659607c7 − 2818998c6 − 4991441c5 + 43101944c4
− 94625792c3 + 123669768c2 − 115595424c + 58164480),
g334 = − 110
567d(c)
(504c8 − 3432c7 − 456099c6 − 159398c5 + 14022357c4
− 33026844c3 − 1201720c2 + 58928632c − 47512800),
g335 = − 55
567d(c)
(1008c9 + 13908c8 − 75549c7 + 165818c6 − 152501c5 − 7415864c4
+ 45003360c3 − 112579544c2 + 138976224c − 66389760),
g336 = − 55
6804d(c)
(2160c9 + 13860c8 − 586974c7 − 1430121c6 + 29833068c5 − 16564081c4
− 467615860c3 + 1447219200c2 − 1517889672c + 551279520),
g337 = − 1760
189d(c)
(7584c6 + 256845c5 − 824244c4
− 5117351c3 + 22590322c2 − 26351376c + 11050560),
g338 = − 220
189d(c)
(20520c7 + 669645c6 − 3174690c5 − 4390427c4
+ 43436732c3 − 82034432c2 + 61874472c − 13093920),
g339 = − 220
189d(c)
(67608c7 + 602169c6 − 8845074c5 + 17484441c4
+ 81590556c3 − 320183248c2 + 332866088c − 94770720),
g340 = − 440
189d(c)
(12240c7 + 18663c6 − 390342c5 + 2451513c4
− 22030368c3 + 75267800c2 − 94835896c + 47020320),
g341 = − 110
189d(c)
(16920c8 − 7179c7 − 1144119c6 + 6051443c5 − 11704793c4
+ 7385432c3 − 413664c2 + 9106200c − 10095840),
g342 =
220
567d(c)
(4032c8 − 59421c7 − 467307c6 + 8919069c5 − 50115093c4
+ 131158472c3 − 146937904c2 − 5764488c + 69927840),
g343 =
110
189d(c)
(1944c8 + 13365c7 − 789843c6 + 533307c5 + 30900147c4
− 164552136c3 + 337871824c2 − 282108968c + 74034720),
97
g344 =
220
1701d(c)
(3456c9 + 45972c8 − 347322c7 + 643431c6 + 6279756c5 − 50971293c4
+ 132957668c3 − 122144272c2 − 19673256c + 63171360),
g345 =
440
567d(c)
(612c8 − 1212c7 + 171213c6 + 126246c5 − 7296891c4
+ 24212776c3 − 26589932c2 + 697008c + 8484480),
g346 =
55
567d(c)
(1440c9 + 7422c8 − 577035c7 + 1083753c6 + 13870939c5 − 61672407c4
+ 67529760c3 + 56787992c2 − 142427144c + 63113760),
g347 =
880
189d(c)
(c+ 18)(4c − 9)(4305c4 + 1609c3 − 913c2 − 10322c + 15120),
g348 =
440
63d(c)
(c+ 18)(4c − 9)(5936c3 + 5849c2 − 27890c + 19024),
g349 =
880
21d(c)
(c+ 18)(4c − 9)(1148c4 − 6356c3 − 9777c2 + 34004c − 21440),
g350 =
55
189d(c)
(c+ 18)(4c − 9)
× (6993c5 + 10086c4 − 42523c3 − 138836c2 + 425780c − 221520),
g351 =
440
63d(c)
(c+ 18)(4c − 9)(777c5 − 5747c4 + 9969c3 + 515c2 − 12784c + 3920),
g352 =
55
189d(c)
(139068c7 + 1823397c6 − 6898464c5 − 17405571c4
+ 96004698c3 − 144865388c2 + 119329720c − 61120800),
g353 =
440
63d(c)
(22972c6 + 311824c5 − 1170463c4
− 3006342c3 + 15376220c2 − 17709176c + 5450400),
g354 =
110
21d(c)
(7064c7 + 9079c6 − 1085304c5 + 4623711c4
− 2173070c3 − 17521628c2 + 30388328c − 14116320),
g355 = −55(c+ 18)(4c − 9)
63d(c)
(2359c5 + 11914c4 − 82357c3 + 20228c2 + 232572c − 193200),
g356 =
110
189d(c)
(42612c7 + 636959c6 − 3010552c5 + 1866583c4
− 892930c3 + 19975644c2 − 33472216c + 12201120),
g357 =
440
189d(c)
(20920c6 + 347936c5 − 1426883c4
− 349602c3 + 4745732c2 − 2378728c − 2568960),
g358 =
220
189d(c)
(31908c7 + 441945c6 − 5567610c5 + 13472361c4
+ 7973136c3 − 54016184c2 + 38621704c + 6444000),
g359 = − 440
189d(c)
(480c8 + 6009c7 − 178962c6 + 244423c5 + 3951962c4
98
− 16359516c3 + 23025464c2 − 11163840c + 449280),
g360 =
55
567d(c)
(27972c8 + 368259c7 − 1520038c6 − 5892689c5 + 36035712c4
− 64733828c3 + 61012632c2 − 51558480c + 31700160),
g361 = − 110
189d(c))
(1680c8 + 18604c7 − 148821c6 + 2494884c5 − 9644493c4
+ 4505594c3 + 22334308c2 − 16509656c − 11950560),
g362 =
220
189d(c)
(1140c8 + 24789c7 + 137025c6 − 3014987c5 + 10097159c4
− 6796098c3 − 10457476c2 + 3581688c + 12048480),
g363 = − 110
189d(c)
(c+ 18)(4c − 9)(525c6 + 3799c5 − 17013c4
+ 35349c3 − 72648c2 + 31940c + 84720),
g364 = − 110
63d(c)
(c+ 18)(4c − 9)(2149c5 + 15422c4 − 45335c3 + 26084c2 − 72140c + 185840),
g365 = − 55
63d(c)
(3388c8 + 44693c7 − 303824c6 − 542215c5 + 6922578c4
− 14228704c3 − 790240c2 + 30490624c − 24491520),
g366 = − 110
567d(c)
(8004c8 + 169263c7 + 395325c6 − 3165477c5 − 12906741c4
+ 70703614c3 − 85379492c2 − 3641736c + 40802400),
g367 = − 55
1701d(c)
(7560c9 + 124812c8 − 315657c7 − 2082843c6 − 2104887c5 + 54569691c4
− 142143196c3 + 197622056c2 − 255923016c + 183716640),
g368 = − 55
567d(c)
(6300c8 + 101037c7 + 517305c6 − 4463881c5 − 15442625c4
+ 152773328c3 − 419060760c2 + 542904936c − 279776160),
g369 = − 220
567d(c)
(6132c7 + 98787c6 + 240098c5 − 3258161c4
− 11117866c3 + 59336412c2 − 44413752c − 2743200),
g370 = − 220
189d(c)
(c+ 18)(4c − 9)(105c6 − 1731c5 + 3031c4
+ 6573c3 − 27982c2 + 69168c − 72480),
g371 = − 55
567d(c)
(24228c8 + 338607c7 − 2454189c6 − 8206011c5 + 67040301c4
+ 11941624c3 − 471344152c2 + 633509752c − 222351840),
g372 =
55
567d(c)
(420c9 + 6339c8 − 24317c7 − 43908c6 − 3206283c5 + 13399955c4
+ 2587018c3 − 63802028c2 + 66375544c − 4753440),
g373 = − 55
3402d(c)
(7560c9 + 74718c8 − 1829385c7 − 751944c6 + 62307729c5 − 196513344c4
+ 77768554c3 + 516936580c2 − 821150832c + 363021696),
99
g374 = − 110
567d(c)
(2304c8 + 16596c7 − 526905c6 + 265554c5 + 18027105c4
− 73760894c3 + 123819628c2 − 105616440c + 39566880),
g375 =
55
378d(c)
(168c9 + 1458c8 − 35047c7 − 279404c6 − 4601c5 + 7937884c4
− 9851418c3 − 42288452c2 + 100462416c − 57763584),
g376 =
11
2268d(c)
(1680c9 + 23940c8 − 271626c7 + 1785817c6 + 27001532c5 − 241942423c4
+ 626558564c3 − 567683360c2 + 19348296c + 185436000),
g377 =
11
20412d(c)
(2160c10 + 21060c9 − 521748c8 − 4464708c7 + 46409487c6 − 85550322c5
− 227188973c4 + 1081582664c3 − 1401210248c2 + 356920248c + 275888160),
g378 =
(c+ 18)(4c − 9)
7560d(c)
(210c8 − 2340c7 − 17013c6 + 357851c5 − 2719733c4
+ 4848833c3 + 1172620c2 − 4953308c + 847920),
g379 = − c
21
, g380 =
62
21
, g381 =
2
7
, g382 = −20
7
, g383 =
22
7
,
g384 =
5(3c + 25)
126(c − 1) ,
g385 =
10
3(c− 1) , g386 =
125
42
, g387 = −(21c− 1)
21(c− 1) , g388 = −
20
7(c− 1) ,
g389 = −40(c− 2)
21(c− 1) ,
g390 = − 40
7(c− 1) , g391 =
44
21
, g392 = 0, g393 =
2(3c3 − 505c2 + 1656c − 564)
63(c − 1)(c + 6)(2c − 3) ,
g394 = − 4(327c
2 − 272c + 1260)
63(c− 1)(c + 6)(2c − 3) , g395 = −
8(467c + 358)
63(c− 1)(c + 6)(2c − 3) ,
g396 =
4(377c2 − 981c + 94)
21(c − 1)(c+ 6)(2c − 3) , g397 =
100
21(c − 1) ,
g398 =
4(47c3 − 24c2 − 144c + 376)
63(c − 1)(c + 6)(2c − 3) ,
g399 =
1
7
, g400 = −(21c
3 + 95c2 − 288c + 12)
21(c− 1)(c + 6)(2c − 3) , g401 = −
2(3c + 5)(7c + 18)
21(c− 1)(c + 6)(2c − 3) ,
g402 = − 4(31c + 134)
21(c− 1)(c + 6)(2c − 3) , g403 =
2(c2 − 63c + 2)
7(c− 1)(c+ 6)(2c − 3) , g404 = −
20
7(c− 1) ,
g405 = −10(c
3 − 7c2 + 24c − 12)
7(c− 1)(c + 6)(2c − 3) , g406 =
40(9c + 2)
7(c − 1)(c+ 6)(2c − 3) ,
g407 =
10(5c − 6)(9c + 2)
21(c − 1)(c+ 6)(2c − 3) , g408 = −
20(7c2 + 124c − 132)
21(c− 1)(c + 6)(2c − 3) ,
g409 = − 10(5c
2 − 34c+ 32)
7(c− 1)(c + 6)(2c − 3) , g410 =
11(6c3 − 3c2 + 85c+ 42)
42(c − 1)(c + 6)(2c − 3) ,
100
g411 = − 44(11c + 14)
7(c− 1)(c + 6)(2c − 3) , g412 = −
11(45c2 − 41c + 6)
21(c − 1)(c + 6)(2c − 3) ,
g413 =
22(c2 − 97c+ 6)
21(c − 1)(c+ 6)(2c − 3) , g414 = −
11(c2 − 53c + 62)
7(c− 1)(c+ 6)(2c − 3) ,
g415 =
(27c5 + 645c4 − 7467c3 + 14615c2 + 8064c + 9036)
252(c − 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g416 = − (7077c
3 + 2290c2 + 36671c + 29622)
63(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g417 = − 2(10084c
2 + 10239c + 9032)
63(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g418 = − 2(3941c
3 − 15760c2 − 5735c − 9706)
21(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g419 = −(15096c
4 − 44349c3 − 7572c2 + 23683c − 4518)
63(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g420 = −(999c
4 + 27978c3 − 80293c2 + 91140c + 9036)
756(c − 1)(c + 1)(c+ 6)(2c − 3)(5c − 9) ,
g421 = −(6555c
4 − 10426c3 + 8075c2 − 29436c − 125508)
126(c − 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g422 =
(15069c4 − 58578c3 + 23841c2 + 112124c − 9036)
63(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g423 = − (2631c
2 + 2539c − 1170)
126(c − 1)(c+ 6)(2c − 3) , g424 = −
(2501c + 1954)
21(c− 1)(c + 6)(2c − 3) ,
g425 =
(1309c4 + 4692c3 − 30535c2 + 30466c − 6632)
84(c − 1)(c+ 1)(c + 6)(2c − 3)(5c − 9) ,
g426 =
(2591c4 + 1856c3 + 5895c2 − 22506c + 89224)
126(c − 1)(c + 1)(c + 6)(2c − 3)(5c − 9) , (G.10)
g427 =
(3765c5 − 18027c4 + 4169c3 + 26543c2 + 55350c + 196800)
756(c − 1)(c + 1)(c + 6)(2c − 3)(5c − 9) ,
g428 =
2(c3 + 3c2 + 18c+ 8)
21(c − 1)(c+ 6)(2c − 3) .
We introduce the c-dependent coefficient d(c) in Appendix (G.10) as follows:
d(c) ≡ (c− 2)(c − 1)(c+ 1)(c + 6)(c + 12)(c + 18)(2c − 3)(4c − 9)(5c − 9)(7c − 15). (G.11)
One can also analyze the 1
c
, · · · , 1
c6
-terms in the large c limit.
Finally, the OPE between the fourth higher spin N = 2 multiplet and itself in (3.3) can
be summarized as
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+ f71TDT[D,D]W
( 7
2
)
1
3
+ f72TDT∂W
( 7
2
)
1
3
+ f73DTDTDW
( 7
2
)
1
3
+f74 [D,D]T∂DW
( 7
2
)
1
3
+ f75 ∂[D,D]TDW
( 7
2
)
1
3
+ f76DT∂[D,D]W
( 7
2
)
1
3
+ f77DT∂
2
W
( 7
2
)
1
3
+f78 ∂DT[D,D]W
( 7
2
)
1
3
+ f79 ∂DT∂W
( 7
2
)
1
3
+ f80 ∂T∂DW
( 7
2
)
1
3
+ f81 ∂TTDW
( 7
2
)
1
3
+f82 ∂
2
TDW
( 7
2
)
1
3
+ f83 ∂
2DTW
( 7
2
)
1
3
+ f84 ∂TDTW
( 7
2
)
1
3
+ f85 ∂DTTW
( 7
2
)
1
3
+f86DT[D,D]TW
( 7
2
)
1
3
+ f87TTDTW
( 7
2
)
1
3
]
(Z2)
)
+ · · · , (G.12)
where the coefficients in Appendix (G.12) can be written in terms of previous ones in Ap-
pendix (G.8)
f2 = −e2, f3 = e3, f4 = −e4, f5 = 0, f6 = e6, f7 = −e7,
f8 = e8, f9 = e9, f10 = e10, f11 = 0, f12 = 0, f13 = −e13,
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f14 = −e14, f15 = e15, f16 = e16, f17 = −e17, f18 = −e18, f19 = e19,
f20 = −e20, f21 = −e21, f22 = e22, f23 = −e23, f24 = e24, f25 = −e25,
f26 = −e26, f27 = −e27, f28 = e28, f29 = e29, f30 = e30, f31 = −e31,
f32 = e32, f33 = −e33, f34 = e34, f35 = e35, f36 = e36, f37 = e37,
f38 = −e38, f39 = −e39, f40 = −e40, f41 = e41, f42 = −e42, f43 = −e43,
f44 = −e44, f45 = −e45, f46 = e46, f47 = −e47, f48 = 0, f49 = e49,
f50 = e50, f51 = −e51, f52 = e52, f53 = −e53, f54 = −e54, f55 = −e55,
f56 = −e56, f57 = e57, f59 = −e59, f60 = −e60, f61 = e61,
f62 = e62, f63 = −e63, f64 = −e64, f65 = e65, f66 = −e66, f67 = e67,
f68 = −e68, f69 = e69, f70 = e70, f71 = e71, f72 = −e72, f73 = e73,
f74 = −e74, f76 = −e76, f77 = e77, f78 = −e78, f79 = e79, f80 = e80,
f81 = −e81, f82 = e82, f84 = −e84, f85 = −e85, f86 = e86, f87 = e87,
f58 = −(1053c
4 + 10224c3 − 64623c2 + 104326c − 18120)
2(c+ 9)(3c + 4)(27c − 46)(3c2 + 90c− 265) ,
f75 = −10(972c
5 − 6237c4 + 18396c3 + 93411c2 − 498058c + 493656)
11(c + 9)(3c − 2)(3c + 4)(27c − 46)(3c2 + 90c− 265) ,
f83 =
5(810c5 + 12861c4 − 132981c3 + 207708c2 + 319344c − 392216)
2(c+ 9)(3c − 2)(3c + 4)(27c − 46)(3c2 + 90c− 265) . (G.13)
In this case, the last three coefficients in Appendix (G.13) are different from the ones in
Appendix (G.8). One can also analyze the 1
c
, · · · , 1
c3
-terms in the large c limit.
H The component OPEs in the OPE W
(2)
±23
(Z1)W
(2)
±23
(Z2)
Although the complete OPEs between the higher spin currents in N = 2 superspace are
determined in Appendix G, sometimes one should reexpress them in terms of its component
results. In this Appendix and Appendices I and J , we will present them 44.
H.1 The component OPEs in the OPE W
(2)
2
3
(Z1)W
(2)
2
3
(Z2)
The ten component OPEs corresponding to (7.1) can be summarized by
1
C
( 7
2
)+
(2)(2)
W
(2)
2
3
(z)W
(2)
2
3
(w) = + · · · ,
1
C
( 7
2
)+
(2)(2)
W
(2)
2
3
(z)W
( 5
2
)
5
3
(w) = + · · · ,
44 Although the N = 2 results in N = 2 superspace in section 7 provides the component results auto-
matically using the command N2OPEToComponents in [31], for convenience, we would like to present them
explicitly.
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( 7
2
)+
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W
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3
(z)W
( 5
2
)
− 1
3
(w) = − 1
(z − w)W
( 7
2
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3
(w) + · · · ,
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( 7
2
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(2)(2)
W
(2)
2
3
(z)W
(3)
2
3
(w) =
1
(z − w)
1
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W
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4
3
(w) + · · · ,
1
C
( 7
2
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(2)(2)
W
( 5
2
)
5
3
(z)W
( 5
2
)
5
3
(w) = + · · · ,
1
C
( 7
2
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W
( 5
2
)
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3
(z)W
( 5
2
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− 1
3
(w) = − 1
(z − w)
1
2
W
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4
3
(w) + · · · ,
1
C
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2
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W
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5
3
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3
(w) = + · · · ,
1
C
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(2)(2)
W
( 5
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3
(z)W
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− 1
3
(w) = − 1
(z − w)W
(4)
− 2
3
(w) + · · · ,
1
C
( 7
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(2)(2)
W
( 5
2
)
− 1
3
(z)W
(3)
2
3
(w) =
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(z − w)2
1
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W
( 7
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)
1
3
(w) +
1
(z − w)
[
1
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W
( 9
2
)
1
3
++
1
4
∂W
( 7
2
)
1
3
]
(w) + · · · ,
1
C
( 7
2
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(2)(2)
W
(3)
2
3
(z)W
(3)
2
3
(w) = − 1
(z − w)2
1
2
W
(4)
4
3
(w) − 1
(z − w)
1
4
∂W
(4)
4
3
(w) + · · · . (H.1)
Intentionally, we put the overall structure constant in the left hand side. For convenience, we
also presented the trivial OPEs which can be checked by U(1) charge counting. For example,
the first equation of Appendix (H.1) implies that the left hand side contains the U(1) charge
4
3
. Then the right hand side of this OPE should preserve this U(1) charge. The possible
spin contents in the right hand side are given by 1, 2 or 3. Then there are no composite
fields having an U(1) charge 4
3
for given spins. Note that W
( 9
2
)
1
3
(w) is not a primary field.
The coefficient −1
4
= −1
2
× 1
2
appearing in the last OPE in Appendix (H.1) is an expected
expression from the spin counting of the left hand side and right hand side.
H.2 The component OPEs in the OPE W
(2)
2
3
(Z1)W
(2)
− 23 (Z2)
The sixteen component OPEs corresponding to (7.2) can be written as
W
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3
(z)W
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3
(w) =
1
(z − w)4
c
2
+
1
(z −w)3 J(w)
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In the large c limit, all the nonlinear terms in Appendix (H.2) disappear. One can also analyze
the subleading 1
c
, · · · , 1
c3
-terms. The OPE in the expression of W (h)q (z)W
(h)
−q (w) contains the
first four singular terms similar to the one in (6.2).
H.3 The component OPEs in the OPE W
(2)
− 23 (Z1)W
(2)
− 23 (Z2)
The ten component OPEs corresponding to (7.3) can be summarized by
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As observed in section 7, these OPEs in Appendix (H.3) are very similar to the previous ones
in Appendix (H.1).
I The component OPEs in the OPE W
(2)
±23
(Z1)W
(72)
±13
(Z2)
As in previous Appendix H , we continue to describe the component OPEs corresponding to
the N = 2 version in Appendix G.
I.1 The component OPEs in the OPE W
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2
3
(Z1)W
(72 )
1
3
(Z2)
The 16 component OPEs corresponding to Appendix (G.1) can be summarized by
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In this case, the overall structure constant appearing in the above OPEs is written in the
left hand side for simplicity. In the large c limit, all the nonlinear terms in Appendix (I.1)
disappear. One can also analyze the 1
c
-term. Note that the higher spin current W
(5)
0 (w) is
not a primary field. For the trivial OPEs in Appendix (I.1), one can check them by taking
the U(1) charges for given spins.
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I.2 The component OPEs in the OPE W
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The 4 component OPEs corresponding to Appendix (G.2) can be summarized by
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5
2
)
− 5
3
−1
7
(324c6 + 10134c5 + 88809c4 − 326400c3 − 1590463c2 + 4706064c − 684672) ∂2JW (2)
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3
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− 6
35
(3c− 8)(90c5 + 2013c4 + 36738c3 − 6574c2 − 579885c + 493004)G+∂W (
5
2
)
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3
+
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245
(624c5 + 13424c4 + 48617c3 − 441123c2 + 492804c − 724256)JJW (3)
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3
− 1
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(162c7 − 59949c6 + 134535c5 + 5339307c4
−16284313c3 − 52881834c2 + 212816996c − 151818144)∂3W (2)
− 2
3
]
(w) + · · · ,
1
C
(2)+
(2)( 7
2
)
W
(2)
2
3
(z)W
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2
)
− 1
3
(w) =
1
(z − w)4
13
14
W
( 5
2
)
1
3
(w)
+
1
(z − w)3
1
(c+ 6)
[
31
5
G+W
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3
− 93
35
JW
( 5
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)
1
3
+
(c+ 192)
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∂W
( 5
2
)
1
3
]
(w)
+
1
(z − w)2
1
(c+ 6)(3c + 2)(9c − 11)(3c2 + 54c − 169) [
−9
5
(528c3 + 6262c2 − 15995c + 17871)JJW (
5
2
)
1
3
−9
5
(3c3 − 5143c2 + 50495c − 36759)JG+W (2)
− 2
3
− 1
14
(4131c4 + 20718c3 + 164556c2 − 850228c + 456003)TW (
5
2
)
1
3
− 3
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3
+
1
10
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+
3
140
(3501c4 + 32310c3 + 7924c2 + 389472c − 2570643)∂JW (
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)
1
3
+
1
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3
− 3
70
(1656c4 + 20229c3 − 184065c2 + 1031677c − 1187885)J∂W (
5
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)
1
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+
1
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1
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+
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1
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+
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+
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5
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− 2
3
+
1
35
(17172c7 + 332064c6 + 3929988c5 − 17644845c4
−61522118c3 + 359006763c2 − 470122960c + 173809600) ∂2G+W (2)
− 2
3
+
3
980
(4212c7 − 96300c6 − 2349771c5 + 42056368c4
−259031186c3 + 40739182c2 + 1557580395c − 1349009400) ∂J∂W (
5
2
)
1
3
+
3
35
(5184c6 + 742824c5 + 267627c4 − 47562127c3 + 150357871c2 − 112833015c + 11915800)
×∂JG+W (2)
− 2
3
+
1
980
(294516c7 + 10366164c6 + 67363461c5 − 393530124c4
−713824950c3 + 3665027882c2 − 2110555905c − 112805400) ∂2JW (
5
2
)
1
3
−176
7
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3
]
(w) + · · · . (I.2)
Because the N = 2 version in Appendix G is known, the remaining 12 OPEs can be presented
similarly. However, due to the space of the paper, we do not present them in this paper
completely. In the large c limit, all the nonlinear terms in Appendix (I.2) disappear. One can
also analyze the 1
c
, · · · , 1
c3
-terms.
I.3 The component OPEs in the OPE W
(2)
− 23 (Z1)W
(72 )
1
3
(Z2)
The 4 component OPEs corresponding to Appendix (G.4) can be summarized by
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2
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+
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)
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1
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1
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(c+ 6)(3c + 2)(6c − 5)(9c − 11)(2c2 + 9c− 40)(3c2 + 54c − 169)
×
[
9
245
(41184c6 + 834024c5 − 5042768c4
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− 1
3
+
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7
(288c5 + 282c4 − 8208c3 + 31325c2 − 92433c + 70440)JJJW (
5
2
)
− 1
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+
3
245
(62316c6 + 781416c5 + 21115533c4
+42457581c3 − 472604633c2 + 707153499c − 363267320)JG−∂W (2)2
3
+
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5
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3
+
3
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(114696c7 + 2601396c6 + 6301530c5 − 92272437c4
+140771499c3 + 130747355c2 − 331422531c + 95701880)G−∂W (3)2
3
+
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49
(12636c6 + 63801c5 − 637848c4 + 651405c3 + 1738728c2 − 2363090c + 457200)G−G+W (
5
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)
− 1
3
+
1
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(50544c7 − 15976548c6 − 35411724c5 + 375345195c4
−211554213c3 − 755063573c2 + 169169907c + 262216840)G−∂2W (2)2
3
− 3
490
(228744c7 + 2956212c6 − 19184502c5 − 100604277c4
+684144571c3 − 1212716261c2 + 690576381c − 48505480)∂G−W (3)2
3
+
1
980
(89424c7 + 793044c6 + 39963276c5 + 16855641c4
−309096607c3 − 1011629119c2 + 3369520433c − 1963795240)∂G−∂W (2)2
3
+
1
35
(17172c7 + 572634c6 + 2753868c5 − 20475255c4
−28513208c3 + 277803883c2 − 399069670c + 156724400)∂2G−W (2)2
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+
1
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(4860c7 − 114156c6 − 5195385c5 + 35319918c4
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−57149944c3 − 9492552c2 + 5296559c + 87151080)T∂W (
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)
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+
1
196
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5
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)
− 1
3
+
3
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(4212c7 − 96300c6 − 2349771c5 + 42056368c4
−259031186c3 + 40739182c2 + 1557580395c − 1349009400)∂J∂W (
5
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)
− 1
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+
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245
(26631c6 + 517386c5 + 826228c4 − 14619433c3 + 19570384c2 + 16405915c − 23010800)
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+
1
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×JG−W (3)2
3
− 3
490
(23220c7 − 192276c6 − 3405531c5 + 33286542c4
+91434148c3 − 878231224c2 + 1606271605c − 894785800)J∂2W (
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]
(w) + · · · . (I.3)
The remaining twelve OPEs are abbreviated in this paper. In the large c limit, all the
nonlinear terms in Appendix (I.3) disappear. One can also analyze the 1
c
, · · · , 1
c3
-terms.
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I.4 The component OPEs in the OPE W
(2)
− 23 (Z1)W
(72 )
− 13 (Z2)
The 16 component OPEs corresponding to Appendix (G.6) can be summarized by
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(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(2)
− 2
3
(z)W
(4)
− 4
3
(w) = + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(2)
− 2
3
(z)W
( 9
2
)
− 1
3
(w) = − 1
(z − w)2
17
24
W
( 9
2
)
−1 (w)
+
1
(z − w)
1
(c+ 9)
[
20
3
G−W
(4)
0 −
5
3
JW
( 9
2
)
−1 −
(11c+ 219)
72
∂W
( 9
2
)
−1
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
1
3
(z)W
( 7
2
)
− 1
3
(w) =
1
(z − w)2 W
(4)
0 (w) +
1
(z − w)
[
3
8
∂W
(4)
0 +
1
12
W
(5)
0
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
1
3
(z)W
(4)
2
3
(w) = − 1
(z − w)2 W
( 9
2
)
1 (w) −
1
(z − w)
1
3
∂W
( 9
2
)
1 (w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
1
3
(z)W
(4)
− 4
3
(w) = − 1
(z − w)2
5
6
W
( 9
2
)
−1 (w)
+
1
(z − w)
1
(c+ 9)
[
20
3
G−W
(4)
0 −
5
3
JW
( 9
2
)
−1 −
5(c+ 15)
18
∂W
( 9
2
)
−1
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
1
3
(z)W
( 9
2
)
− 1
3
(w) = − 1
(z − w)3 W
(4)
0 (w) +
1
(z − w)2
[
19
24
W
(5)
0 −
13
48
∂W
(4)
0
]
(w)
+
1
(z − w)
1
(c+ 9)
[
−20
3
G−W
( 9
2
)
1 −
5
3
G+W
( 9
2
)
−1 +
10
3
TW
(4)
0
+
5
3
JW
(5)
0 −
10
3
∂JW
(4)
0 +
5
6
J∂W
(4)
0 −
(17c + 273)
144
∂W
(5)
0 −
(7c− 57)
144
∂2W
(4)
0
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
− 5
3
(z)W
( 7
2
)
− 1
3
(w) = + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
− 5
3
(z)W
(4)
2
3
(w) = − 1
(z − w)2
5
12
W
( 9
2
)
−1 (w)
+
1
(z − w)
1
(c+ 9)
[
5
3
JW
( 9
2
)
−1 −
20
3
G−W
(4)
0 −
5(c− 3)
36
∂W
( 9
2
)
−1
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
( 5
2
)
− 5
3
(z)W
(4)
− 4
3
(w) = + · · · ,
123
1C
(4)−
(2)( 7
2
)
W
( 5
2
)
− 5
3
(z)W
( 9
2
)
− 1
3
(w) = − 1
(z − w)
25
3(c+ 9)
G−W
( 9
2
)
−1 (w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(3)
− 2
3
(z)W
( 7
2
)
− 1
3
(w) =
1
(z − w)2
7
24
W
( 9
2
)
−1 (w)
+
1
(z − w)
1
(c+ 9)
[
20
3
G−W
(4)
0 −
5
3
JW
( 9
2
)
−1 +
5(c− 3)
36
∂W
( 9
2
)
−1
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(3)
− 2
3
(z)W
(4)
2
3
(w) = − 1
(z − w)3W
(4)
0 (w) +
1
(z − w)2
[
−1
3
W
(5)
0 −
1
3
∂W
(4)
0
]
(w)
+
1
(z − w)
1
(c+ 9)
[
−20
3
G−W
( 9
2
)
1 −
5
3
G+W
( 9
2
)
−1 −
20
3
TW
(4)
0 −
5
6
JW
(5)
0 −
10
3
∂JW
(4)
0
+
5
6
J∂W
(4)
0 −
5(c − 3)
36
∂W
(5)
0 −
5(c− 3)
72
∂2W
(4)
0
]
(w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(3)
− 2
3
(z)W
(4)
− 4
3
(w) = − 1
(z − w)
25
3(c+ 9)
G−W
( 9
2
)
−1 (w) + · · · ,
1
C
(4)−
(2)( 7
2
)
W
(3)
− 2
3
(z)W
( 9
2
)
− 1
3
(w) = − 1
(z − w)3
9
8
W
( 9
2
)
−1 (w) −
1
(z − w)2
17
48
∂W
( 9
2
)
−1 (w) +
+
1
(z − w)
1
(c+ 9)
[
−25
3
TW
( 9
2
)
−1 +
25
3
G−W
(5)
0 −
10
3
∂G−W
(4)
0
−10
3
∂JW
( 9
2
)
−1 +
5
6
J∂W
( 9
2
)
−1 +
5
6
G−∂W
(4)
0 −
5(c− 3)
72
∂2W
( 9
2
)
−1
]
(w) + · · · . (I.4)
The structure of the OPE looks like as the one in Appendix (I.1). In the large c limit, all
the nonlinear terms in Appendix (I.4) disappear. One can also analyze the 1
c
-term.
J The component OPEs in the OPE W
(72)
±13
(Z1)W
(72)
±13
(Z2)
In this final Appendix, we present the component OPEs corresponding to the N = 2 descrip-
tion in Appendix (G.2).
J.1 The component OPEs in the OPE W
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1
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The 4 component OPEs corresponding to Appendix (G.7) can be summarized by
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In the large c limit, all the nonlinear terms in Appendix (J.1) disappear. One can also analyze
the 1
c
, · · · , 1
c3
-terms. One can easily observe that from the above four OPEs, the remaining ten
OPEs in the component approach by N = 2 supersymmetry can be determined even if one
does not know the N = 2 superspace results in section 7. That is, one can have the N = 2
superspace generalization with fixed coefficients from the above four OPEs along the line of
[55].
J.2 The component OPEs in the OPE W
(72 )
1
3
(Z1)W
(72 )
− 13 (Z2)
The 4 component OPEs corresponding to Appendix (G.9) can be summarized by
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+
1
189
(630c7 − 30873c6 − 379989c5 + 4992837c4
−14666997c3 + 15196220c2 − 4653508c − 1112880) ∂2G+∂G−
+
1
189
(630c7 − 35085c6 − 162885c5 + 1152489c4
130
−567069c3 − 3787276c2 + 5366316c − 2322800) ∂3G+G−
− 8
21
(7c− 15)(861c4 + 8206c3 − 1621c2 + 5986c + 1488) ∂JJJT
+
10
21
(7c− 15)(848c3 + 8095c2 − 5686c + 6768) ∂JJJJJ
+
8
7
(7c − 15)(29c4 − 1551c3 − 11014c2 + 16064c − 4928) ∂JJG−G+
+
1
63
(7c− 15)(2331c5 + 22446c4 − 5449c3 − 180016c2 + 300540c − 98352) ∂JTT
− 1
126
(56385c6 − 11631c5 − 2686773c4 + 11981883c3 − 18743028c2 + 6918124c + 5071120)
×∂J∂JT
+
2
7
(5971c5 + 25134c4 − 229189c3 + 390104c2 − 140100c − 33680) ∂J∂JJJ
− 1
63
(27825c6 + 365797c5 − 1149429c4 − 730641c3 + 2394996c2 + 1405132c − 1870960)
×∂2JJT
+
4
63
(9947c5 + 129379c4 − 458014c3 + 295024c2 − 328216c + 644080) ∂2JJJJ
+
1
63
(1029c6 − 37503c5 − 1446465c4 + 8032635c3 − 13411404c2 + 6475228c + 780880)
×∂2JG−G+
+
1
7560
(210c8 − 2340c7 − 17013c6 + 357851c5 − 2719733c4
+4848833c3 + 1172620c2 − 4953308c + 847920) ∂5J
− 1
42
(7c− 15)(641c5 + 7494c4 + 7817c3 − 4432c2 − 18044c + 62064) ∂2J∂JJ
+
1
42
(7c− 15)(63c6 + 360c5 − 2841c4 + 1042c3 + 46940c2 − 31208c − 26976) ∂2T∂J
− 1
84
(7c− 15)(373c5 + 2218c4 − 23023c3 − 53032c2 + 256404c − 221520) ∂J∂J∂J
−16
21
(1652c4 − 98177c3 + 263487c2 − 101002c − 48320)JJJG−G+
+
32
21
(588c5 − 36292c4 + 161817c3 − 243347c2 + 127114c − 6560)JG−TG+
− 8
21
(273c5 − 14301c4 − 6314c3 + 108034c2 − 27092c − 60800) ∂G−JJG+
− 8
21
(882c5 − 48177c4 − 167813c3 + 941008c2 − 853460c + 160960) ∂G+JJG−
+
4
63
(131376c4 − 202711c3 − 302219c2 + 294074c − 101520)JJJJT
−128
63
(20c − 13)(98c2 − 129c − 194)JJJJJJ
− 8
63
(45801c5 − 47772c4 − 440083c3 + 910558c2 − 363304c − 152400)JJTT
− 2
63
(1953c6 − 119295c5 + 579231c4 − 1030281c3 + 803548c2 − 255716c + 720) ∂G−TG+
131
+
8
63
(1575c6 − 98457c5 + 391671c4 − 429801c3 − 40864c2 + 216356c − 720) ∂G+G−T
− 2
63
(693c6 − 46311c5 + 336423c4 + 387867c3 − 3181020c2 + 2718748c − 112880) ∂G+∂JG−
− 8
63
(63c6 − 4890c5 + 67728c4 − 912513c3 + 2593440c2 − 2163148c + 543200) ∂2G+JG−
− 1
63
(1407c6 + 1185c5 − 89605c4 − 893675c3 + 1742348c2 + 2855460c − 3459120) ∂3JJJ
+
1
63
(735c7 + 7378c6 + 31896c5 + 510630c4 − 3822475c3 + 7366072c2 − 4269836c − 146000)
×∂2J∂T
+
2
189
(441c7 + 1386c6 − 28674c5 + 904366c4
−3121207c3 + 2904460c2 + 116108c − 945520) ∂3TJ
− 1
378
(2730c7 − 1233c6 − 57681c5 + 2034861c4
−10003101c3 + 16987804c2 − 9551780c + 125520) ∂2J∂2J
− 1
378
(882c7 − 11187c6 − 37095c5 + 1265499c4
−5601471c3 + 11901904c2 − 14259828c + 6980816) ∂4JJ
+
1
378
(2205c7 − 8799c6 − 198729c5 − 816925c4
+8304140c3 − 20430036c2 + 23033424c − 10561920) ∂3JT
− 1
756
(7245c7 − 47313c6 − 1512987c5 + 5063061c4
+17619294c3 − 79973996c2 + 86415256c − 26704800) ∂3J∂J
+
2
567
(382725c6 − 175347c5 − 9121545c4 + 29407735c3 − 33144380c2 + 11888652c + 530640)
×TTT
+
1
2268
(1890c8 − 90c7 − 293955c6 + 1336737c5 − 3168903c4
+2937673c3 + 2876452c2 − 3876924c + 682800) ∂4T
]
(w) + · · · ,
W
( 7
2
)
1
3
(z)W
(4)
2
3
(w) =
1
(z − w)6
22
7
G+(w) +
1
(z − w)5
22
21
∂G+(w)
+
1
(z − w)4
1
(c− 1)(c + 6)(2c − 3)
[
22
21
(45c2 − 41c + 6)TG+ + 11
7
(c2 − 53c + 62) ∂JG+
−22
21
(c2 − 97c+ 6) ∂G+J − 44(11c + 14)
7
JJG+ +
11
21
c(c2 − 31c+ 90) ∂2G+
]
(w)
+
1
(z − w)3
1
(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9)
[
176
21
(c2 − 54c− 22)JJJG+
−44
21
(3c3 − 180c2 + 163c − 6)JTG+ + 11
21
(c+ 6)(c3 + 111c2 − 149c − 83) ∂G+∂J
−22
7
(109c3 + 92c2 − 275c − 346) ∂JJG+ − 88
21
(28c3 − 5c2 − 203c − 60) ∂G+JJ
+
22
21
(111c4 − 101c3 − 277c2 + 257c − 30) ∂TG+
132
+
22
63
(231c4 − 745c3 + 115c2 + 333c − 54) ∂G+T
+
11
21
(7c4 − 353c3 + 603c2 + 557c − 934) ∂2JG+
−22
21
(2c4 − 87c3 + 338c2 − 535c− 258) ∂2G+J
+
11
63
(c− 1)(3c4 − 69c3 + 167c2 + 81c + 18) ∂3G+
]
(w)
+
1
(z − w)2
(c+ 18)(4c − 9)(7c − 15)
d(c)
[
11
756
(6c7 − 200c6 − 6117c5 + 17490c4
+21165c3 − 78976c2 + 16948c + 26544) ∂4G+
+
220
7
(64c3 + 213c2 − 402c + 208)JJJJG+
−178
21
(327c4 + 392c3 − 3042c2 + 3952c − 1224)JJTG+
+
22
63
(2673c5 − 2478c4 − 21523c3 + 36848c2 − 2796c − 11664)TTG+
−22
21
(c+ 12)(3c4 − 194c3 + 1395c2 − 2052c + 668) ∂TJG+
−178
63
(15c5 − 1441c4 + 276c3 + 2794c2 + 756c − 2880) ∂G+JT
+
176
63
(22c4 − 2063c3 − 3682c2 + 9812c − 3144) ∂G+JJJ
+
22
21
(37c5 − 2402c4 + 15797c3 − 24392c2 + 4100c + 7920) ∂G+G−G+
+
11
63
(4c6 − 47c5 + 3354c4 + 15985c3 − 76224c2 + 57572c + 20976) ∂2J∂G+
+
11
126
(12c6 − 439c5 − 6574c4 + 19665c3 + 39208c2 − 128076c + 74544) ∂3JG+
−88
7
(6c4 − 309c3 + 619c2 − 174c − 712) ∂JJJG+
−11
14
(129c5 + 514c4 − 7443c3 + 17208c2 − 9532c − 3856) ∂J∂JG+
−88
21
(28c5 + 237c4 + 805c3 − 6540c2 + 8852c − 1392) ∂G+∂JJ
−44
21
(14c5 − 367c4 + 1179c3 + 11386c2 − 20800c + 8688) ∂2G+JJ
+
44
21
(27c5 − 1432c4 + 4605c3 − 3780c2 + 1308c − 2928) ∂JTG+
−11
21
(195c5 + 3218c4 − 1189c3 − 17216c2 − 11924c + 48336) ∂2JJG+
+
11
21
(66c6 + 103c5 − 1720c4 + 1127c3 + 5872c2 − 9716c + 4368) ∂2TG+
−11
42
(c6 + 80c5 − 1659c4 + 17354c3 − 53820c2 + 65304c − 22560)∂2G+∂J
+
44
63
(3c− 8)(19c5 + 174c4 + 851c3 − 3196c2 + 1212c + 1440) ∂T∂G+
133
−11
63
(3c6 − 44c5 − 4425c4 + 12714c3 + 22228c2 − 59832c + 35616) ∂3G+J
+
11
63
(117c6 − 3330c5 + 765c4 + 59088c3 − 93340c2 − 4272c + 47232) ∂2G+T
]
(w)
+
1
(z − w)
(c+ 18)(4c − 9)
d(c)
[
11
1890
(15c8 − 415c7 − 15392c6 + 108617c5 − 184721c4
−157044c3 + 611676c2 − 324976c − 45360) ∂5G+
−88
21
(2259c5 − 366c4 − 31289c3 + 84184c2 − 82548c + 21920) ∂TJJG+
+
88
63
(4617c6 − 10515c5 − 47653c4 + 182143c3 − 173520c2 − 1352c + 44160) ∂TTG+
−22
63
(417c6 − 40955c5 + 93387c4 + 233663c3 − 773980c2 + 545868c + 11280) ∂T∂G+J
−44
21
(3c6 − 230c5 + 3279c4 + 13256c3 − 77944c2 + 97456c − 30720) ∂2TJG+
−178
63
(2388c5 − 6935c4 − 38285c3 + 110090c2 − 91108c + 16680) ∂G+JJT
+
44
63
(6952c4 + 1033c3 − 194383c2 + 256178c − 97680) ∂G+JJJJ
+
22
189
(19683c6 − 117993c5 + 134441c4 + 237549c3 − 428372c2 − 32988c + 174960) ∂G+TT
+
88
21
(94c5 − 11007c4 − 9458c3 + 132443c2 − 165102c + 55240) ∂G+∂JJJ
−22
63
(333c6 − 15147c5 + 103899c4 − 530989c3 + 1108196c2 − 981932c + 271920) ∂2G+JT
+
88
63
(122c5 − 5251c4 + 29266c3 − 128381c2 + 141234c − 65280) ∂2G+JJJ
+
22
21
(127c6 − 8441c5 + 66769c4 − 157519c3 + 111372c2 + 42932c − 57360) ∂2G+G−G+
+
11
126
(5c7 − 1342c6 + 22836c5 − 165546c4 + 658371c3 − 1243584c2 + 980940c − 168240)
×∂2G+∂2J
+
176
21
(3331c4 + 5049c3 − 42859c2 + 50564c − 23560) ∂JJJJG+
−88
21
(4539c5 − 2796c4 − 54919c3 + 138884c2 − 132048c + 44000) ∂JJTG+
+
22
189
(15c7 − 297c6 − 1738c5 + 46753c4 − 212513c3 + 345900c2 − 75960c − 160800) ∂3J∂G+
+
11
63
(9c7 − 413c6 − 266c5 + 6807c4 + 62339c3 − 327008c2 + 479288c − 222176) ∂4JG+
−88
21
(c− 2)(c+ 12)(7c − 15)(16c3 − 86c2 + 115c − 25) ∂2J∂JG+
+
44
63
(c+ 12)(33c5 + 4613c4 − 16173c3 + 12023c2 + 4524c − 3700) ∂G+∂JT
−22
7
(179c5 − 9302c4 + 17627c3 + 24888c2 − 56652c + 17200) ∂J∂JJG+
−176
21
(80c3 − 4329c2 + 4962c − 2608)JJJJJG+
134
+
44
21
(93c6 − 5021c5 + 19611c4 − 37351c3 + 72428c2 − 102480c + 56320) ∂T∂JG+
−176
21
(28c5 − 1577c4 − 2573c3 + 14678c2 − 12966c + 1880) ∂G+JG−G+
−11
21
(395c6 − 11573c5 + 66909c4 + 162741c3 − 987916c2 + 1181724c − 454960) ∂2G+∂JJ
−44
21
(125c5 − 6308c4 + 27853c3 − 30678c2 − 19192c + 44320) ∂2JJJG+
−11
42
(931c6 − 1297c5 + 26569c4 − 166259c3 + 481188c2 − 772652c + 508400) ∂G+∂J∂J
+
352
63
(171c4 − 9956c3 + 25436c2 − 24506c + 6360)JJJTG+
−88
63
(243c5 − 15138c4 + 61983c3 − 85808c2 + 35980c + 1680)JTTG+
−22
63
(279c6 − 19989c5 + 236741c4 − 716591c3 + 729652c2 − 62572c − 180240) ∂G−∂G+G+
+
22
63
(237c7 − 734c6 + 9760c5 − 75014c4 + 214507c3 − 247960c2 + 58004c + 57360) ∂2T∂G+
−22
63
(117c6 − 2401c5 + 17047c4 + 38493c3 − 194740c2 + 245924c − 81520) ∂3G+JJ
+
88
63
(135c6 − 6998c5 + 36339c4 − 64014c3 + 42134c2 − 26336c + 31680) ∂2JTG+
−11
63
(1409c6 + 15869c5 + 32499c4 − 776369c3 + 1943940c2 − 1361428c − 109680) ∂2J∂G+J
−22
63
(453c6 + 550c5 − 13635c4 + 51660c3 − 302008c2 + 744120c − 553440) ∂3JJG+
+
11
63
(405c7 − 12912c6 + 73802c5 − 103624c4 − 191411c3 + 638808c2 − 542108c + 103920)
×∂2G+∂T
− 11
126
(9c7 + 452c6 − 21946c5 + 93252c4 + 34389c3 − 395280c2 + 163044c + 163440) ∂3G+∂J
+
11
189
(918c7 + 207c6 − 54177c5 + 284165c4 − 485793c3 + 66668c2 + 546412c − 372720) ∂3TG+
+
11
189
(495c7 − 11064c6 − 11362c5 + 359328c4 − 698193c3 − 255568c2 + 1389484c − 744240)
×∂3G+T
− 11
378
(24c7 − 1115c6 − 26031c5 + 210207c4 − 137781c3 − 980188c2 + 1750324c − 850320)
×∂4G+J
]
(w)
+ · · · ,
W
( 7
2
)
1
3
(z)W
(4)
− 4
3
(w) = − 1
(z − w)6
20
7
G−(w) +
1
(z − w)5
[
− 40
7(c− 1) JG
− − 20(c + 1)
21(c − 1) ∂G
−
]
(w)
+
1
(z − w)4
1
(c− 1)(c + 6)(2c − 3)
[
−10
7
(3c2 + 70c− 104) ∂JG− − 20
21
(5c2 − 70c + 24) ∂G−J
−20
21
(5c− 6)(9c + 2)G−T + 40
7
(9c + 2)JJG− − 5
21
(2c3 − 19c2 + 118c − 48) ∂2G−
]
(w)
135
+
1
(z − w)3
1
(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9)
[
80
21
(157c2 + 57c+ 98)JJJG−
−160
21
(57c3 − 91c2 + 104c − 12)JG−T + 40
21
(41c3 + 504c2 − 131c + 66) ∂G−JJ
+
40
7
(47c3 − 134c2 − 11c + 38) ∂JJG− − 10
21
(c+ 6)(19c3 − 124c2 + 257c − 128) ∂G−∂J
−20
63
(231c4 − 328c3 + 1121c2 − 540c − 108) ∂G−T
−20
21
(111c4 − 104c3 − 679c2 + 676c + 84) ∂TG−
−20
21
(7c4 − 133c3 + 1041c2 − 277c + 126) ∂2G−J
−10
21
(13c4 + 418c3 − 729c2 − 1006c + 1712) ∂2JG−
−10
63
(c+ 1)(3c4 − 84c3 + 365c2 − 860c + 228) ∂3G−
]
(w)
+
1
(z − w)2
(c+ 18)(4c − 9)(7c − 15)
d(c)
[
−40
63
(c+ 12)(57c5 − 156c4 + 720c3 − 1751c2 + 788c + 84) ∂G−∂T
−40
63
(291c5 − 3488c4 − 3415c3 + 27448c2 − 7452c − 4176) ∂G−JT
+
40
63
(389c4 − 3003c3 + 2976c2 + 16652c − 4368) ∂G−JJJ
+
40
21
(16c5 − 1065c4 + 9163c3 − 20196c2 + 10588c + 1296) ∂G−G−G+
+
40
21
(44c5 + 693c4 + 5645c3 − 17696c2 + 8380c − 4656) ∂G−∂JJ
−10
63
(117c6 − 799c5 − 1949c4 + 49559c3 − 119228c2 + 47724c + 12240) ∂2G−T
+
10
21
(38c5 + 13c4 + 7023c3 − 10384c2 − 28428c + 9552) ∂2G−JJ
−20
21
(c+ 12)(225c4 − 638c3 + 969c2 − 1468c + 308) ∂TJG−
−20
21
(33c6 + 52c5 − 1034c4 − 1057c3 + 9216c2 − 7396c − 336) ∂2TG−
+
20
7
(289c4 + 4497c3 − 8548c2 − 1532c − 4880) ∂JJJG−
−20
21
(171c5 + 4874c4 − 16741c3 + 15880c2 − 10500c + 7440) ∂JG−T
+
5
7
(119c5 − 206c4 − 12753c3 + 38952c2 − 21364c − 11056) ∂J∂JG−
+
10
21
(169c5 + 2086c4 − 9375c3 + 4496c2 + 6692c + 3312) ∂2JJG−
− 5
21
(c+ 12)(11c5 − 97c4 + 2225c3 − 5335c2 + 3016c − 1548) ∂2G−∂J
−40
21
(632c3 − 533c2 − 3790c + 48)JJJJG−
136
+
40
21
(1077c4 − 627c3 − 6128c2 + 5356c − 3024)JJG−T
−20
63
(2673c5 − 2826c4 − 24367c3 + 51008c2 − 23964c − 3024)G−TT
−10
63
(9c6 − 145c5 − 2265c4 + 30601c3 − 55972c2 − 1564c − 528) ∂3G−J
−10
63
(16c6 + 351c5 − 2794c4 − 16877c3 + 90464c2 − 112916c + 36048) ∂2J∂G−
−10
63
(9c6 + 193c5 + 1254c4 − 5078c3 − 24752c2 + 85128c − 54624) ∂3JG−
− 5
1512
(24c7 − 376c6 − 6065c5 + 46854c4 − 250485c3 + 448368c2 − 165044c + 87312) ∂4G−
]
(w)
+
1
(z − w)
(c+ 18)(4c − 9)
d(c)
[
40
21
(343c5 − 22056c4 + 159035c3 − 268298c2 + 52988c + 67120) ∂G−JG−G+
−20
63
(2013c6 − 26895c5 + 7779c4 + 590171c3 − 1217720c2 + 399084c + 83280) ∂G−∂TJ
−20
63
(c+ 12)(1551c5 − 17093c4 + 63725c3 − 87679c2 + 26108c + 11620) ∂G−∂JT
+
20
21
(2525c5 − 16444c4 + 82083c3 − 69036c2 − 67316c − 68080) ∂G−∂JJJ
+
5
21
(805c6 + 275c5 + 47995c4 − 282227c3 + 459668c2 − 300236c + 189040) ∂G−∂J∂J
−10
63
(405c7 − 3422c6 + 1990c5 + 246180c4 − 1334775c3 + 2132778c2 − 830868c − 107280)
×∂2G−∂T
−40
63
(576c6 − 10675c5 + 76477c4 − 90019c3 + 57841c2 − 229884c + 157920) ∂2G−JT
+
40
63
(755c5 − 11985c4 + 168910c3 − 124469c2 − 373268c + 318720) ∂2G−JJJ
+
20
21
(113c6 − 7842c5 + 87405c4 − 333968c3 + 453000c2 − 121400c − 68640) ∂2G−G−G+
+
10
21
(290c6 − 2145c5 + 52260c4 − 302029c3 + 405772c2 − 52260c + 109200) ∂2G−∂JJ
− 10
189
(495c7 − 12657c6 + 1367c5 + 456081c4 − 1935686c3 + 2502632c2 − 365400c − 560160)
×∂3G−T
+
20
63
(75c6 − 2056c5 + 28153c4 − 171504c3 + 33758c2 + 473512c − 280640) ∂3G−JJ
−20
21
(591c6 + 15943c5 − 76297c4 + 64289c3 + 53510c2 + 16972c − 88720) ∂T∂JG−
−20
63
(237c7 − 274c6 + 9140c5 − 106920c4 + 397875c3 − 608454c2 + 320956c + 18960) ∂2T∂G−
−20
21
(468c6 − 297c5 − 7014c4 + 18319c3 − 57076c2 + 79708c + 7440) ∂2TJG−
− 10
189
(918c7 − 21c6 − 41391c5 + 23333c4 + 557597c3 − 1276856c2 + 723796c + 37680) ∂3TG−
137
+
10
7
(2001c5 + 30410c4 − 171687c3 + 219444c2 − 30060c + 5360) ∂J∂JJG−
+
40
21
(897c5 + 18183c4 − 68416c3 + 51452c2 − 41480c + 111040) ∂2JJJG−
−20
63
(1035c6 + 38377c5 − 214035c4 + 406107c3 − 422272c2 + 386236c − 198000) ∂2JG−T
+
10
63
(1115c6 + 20031c5 + 165553c4 − 834539c3 + 937820c2 − 446396c + 561840) ∂2J∂G−J
+
20
21
(c− 2)(c+ 12)(7c − 15)(60c3 − 693c2 + 705c + 226) ∂2J∂JG−
+
10
63
(780c6 − 1459c5 − 45978c4 + 201337c3 − 71800c2 − 285948c + 34800) ∂3JJG−
− 10
189
(c+ 12)(75c6 − 570c5 − 2592c4 + 24584c3 − 103835c2 + 166110c − 67140) ∂3J∂G−
−80
21
(6096c3 − 2809c2 − 17966c + 13808)JJJJJG−
+
80
21
(1860c5 − 3491c4 − 24593c3 + 46968c2 + 4520c − 12080) ∂TJJG−
−80
21
(4653c4 − 25375c3 + 2955c2 + 59364c − 5200) ∂JJJJG−
+
80
21
(3930c5 − 19209c4 + 16246c3 + 24511c2 − 29344c + 13360) ∂JJG−T
+
160
63
(13257c4 − 27821c3 − 7135c2 + 53020c − 38640)JJJG−T
−40
63
(19197c5 − 72906c4 + 75965c3 − 31032c2 + 80596c − 80400)JG−TT
+
40
63
(7095c5 + 55072c4 − 146979c3 + 144732c2 − 214244c + 115440) ∂G−JJT
−40
63
(3508c4 + 96405c3 − 132585c2 − 131186c + 155280) ∂G−JJJJ
−80
63
(54c6 − 4068c5 + 58564c4 − 267659c3 + 439087c2 − 211052c − 12000) ∂G−∂G+G−
− 5
63
(65c7 + 747c6 + 1133c5 + 134637c4 − 502298c3 + 527916c2 − 420584c + 566880) ∂2G−∂2J
− 5
63
(51c7 − 299c6 − 9185c5 + 150163c4 − 624670c3 + 860620c2 − 450328c + 351520) ∂3G−∂J
−80
63
(4617c6 − 10941c5 − 66676c4 + 284335c3 − 363779c2 + 146984c + 6960) ∂TG−T
− 5
63
(24c7 + 35c6 − 5698c5 + 36241c4 − 177568c3 + 637562c2 − 1033336c + 539264) ∂4JG−
− 20
189
(19683c6 − 85935c5 + 280109c4 − 784625c3 + 1094060c2 − 499092c − 45360) ∂G−TT
− 1
756
(60c8 − 1820c7 − 22026c6 + 264841c5 − 1045468c4 + 1078521c3 + 958948c2
−597660c − 1544400) ∂5G−
− 5
756
(264c7 − 6566c6 − 159073c5 + 1307448c4 − 4028653c3 + 2944036c2 + 2837548c − 1796400)
× ∂4G−J
]
(w) + · · · ,
138
W
( 7
2
)
1
3
(z)W
( 9
2
)
− 1
3
(w) = − 1
(z − w)8
c
21
+
1
(z − w)7
62
21
J(w)
+
1
(z − w)6
[
10
3(c− 1) JJ −
5(3c+ 25)
63(c − 1) T −
1
42
∂J
]
(w)
+
1
(z − w)5
1
(c− 1)(c + 6)(2c − 3)
[
− 4
21
(377c2 − 981c+ 94)G−G+
+
8
63
(327c2 − 272c + 1260)JT
+
40
21
(c+ 6)(2c − 3) ∂JJ − 8
63
(467c + 358)JJJ − 1
63
(18c3 − 2119c2 + 6003c − 1122) ∂T
− 1
126
(2c3 + 1515c2 − 3951c + 394) ∂2J
]
(w)
+
1
(z − w)4
1
(c− 1)(c + 1)(c + 6)(2c − 3)(5c − 9)
[
− 5
63
(c+ 1)(5c − 9)(3c2 + 943c − 2250) ∂JT
− 2
63
(10084c2 + 10239c + 9032)JJJJ
− 2
21
(3941c3 − 15760c2 − 5735c − 9706)JG−G+ + 2
63
(7077c3 + 2290c2 + 36671c + 29622)JJT
+
1
63
(7524c4 − 32607c3 + 19584c2 + 77753c − 5634) ∂G+G−
− 1
63
(7551c4 − 18378c3 − 11829c2 − 10688c − 1116) ∂G−G+
+
1
63
(6525c4 + 12728c3 − 67075c2 − 25710c − 23448) ∂TJ
− 1
188
(999c4 + 27978c3 − 80293c2 + 91140c + 9036)TT
+
1
126
(791c4 − 4804c3 + 31815c2 − 20886c + 60064) ∂2JJ
+
1
84
(109c4 + 252c3 − 13255c2 + 31546c − 26072) ∂J∂J
−65
21
(c+ 1)(5c − 9)(19c + 14) ∂JJJ − 1
126
(57c5 + 126c4 − 10230c3 + 23660c2 + 9117c − 1170)
×∂2T
− 1
756
(15c5 + 20628c4 − 308c3 − 130070c2 − 17631c − 50514) ∂3J
]
(w)
+
1
(z − w)3
(c+ 18)(4c − 9)(7c − 15)
d(c)
[
− 1
1134
(117c7 − 2535c6 − 307215c5 + 392675c4
+2562058c3 − 4588420c2 + 1245000c − 15840) ∂3T
− 16
189
(26112c4 + 4477c3 − 35377c2 − 36338c + 19776)JJJT
+
4
63
(24896c3 + 40675c2 − 153502c + 48816)JJJJJ
+
8
21
(10823c4 − 19437c3 − 135958c2 + 266168c − 92576)JJG−G+
+
2
189
(72927c5 − 94098c4 + 365507c3 − 2601712c2 + 4749420c − 2325744)JTT
139
− 4
63
(45249c5 − 147298c4 − 67143c3 + 578128c2 − 465852c + 7536)G−TG+
− 1
63
(45c6 + 4508c5 − 185603c4 + 530914c3 + 567876c2 − 2268104c + 897504) ∂T∂J
+
8
63
(783c5 + 36555c4 − 102040c3 − 204380c2 + 391712c + 82080) ∂G+JG−
+
1
63
(1875c6 − 53076c5 + 93907c4 + 432438c3 − 1657988c2 + 1240424c + 364320) ∂2G+G−
− 1
189
(75c6 + 107221c5 + 224505c4 − 2633553c3 + 2667788c2 + 4859116c − 6579312) ∂2JT
+
1
63
(c+ 12)(56c4 − 1861c3 − 1170c2 + 17169c − 2234) ∂2J∂J
+
1
189
(291c6 − 5004c5 + 46097c4 − 54132c3 − 2010044c2 + 4221312c − 1602240) ∂3JJ
− 4
21
(c+ 12)(947c3 − 1990c2 − 2315c − 4042) ∂JG−G+
+
16
63
(c+ 12)(492c3 − 865c2 + 4801c + 4992) ∂JJT − 8
63
(c+ 12)(3881c2 + 3801c + 3418) ∂JJJJ
− 2
63
(c+ 12)(2759c4 − 10041c3 + 35762c2 − 76234c + 60004) ∂2JJJ
− 1
42
(3667c5 + 1566c4 − 3537c3 − 370328c2 + 1049516c − 789424) ∂J∂JJ
− 8
63
(1233c5 − 26655c4 − 50444c3 + 432404c2 − 387872c − 4896) ∂G−JG+
− 1
63
(1893c6 − 10845c5 − 56025c4 + 712753c3 − 2050716c2 + 1569908c + 22512) ∂2G−G+
+
4
63
(1809c5 − 11819c4 + 44652c3 + 389078c2 − 887532c + 251952) ∂TJJ
+
2
63
(978c6 + 3849c5 − 67740c4 − 13155c3 + 771232c2 − 1122284c + 306960) ∂2TJ
− 1
189
(7533c6 + 36543c5 + 746959c4 − 2832891c3 + 738668c2 + 2463636c + 26352) ∂G−∂G+
− 2
189
(666c6 − 118575c5 + 498988c4 − 335159c3 − 600792c2 + 564516c − 103824) ∂TT
− 1
756
(3c7 + 3456c6 + 75823c5 − 184006c4 − 689296c3 + 1856264c2 − 631952c − 258432)
×∂4J
]
(w)
+
1
(z − w)2
(c+ 18)(4c − 9)
d(c)
[
− 1
6804
(891c8 + 4005c7 − 1076403c6 + 3751935c5 + 4850454c4
−6470230c3 − 95422492c2 + 119102160c − 14766720) ∂4T
− 2
189
(1534128c4 − 420433c3 + 2987923c2 − 6448618c + 7860240)JJJJT
+
16
189
(141040c3 + 135667c2 − 658666c + 449864)JJJJJJ
+
8
63
(243776c4 − 963011c3 − 2649879c2 + 7047194c − 4592960)JJJG−G+
+
4
189
(262953c5 − 103656c4 + 1139981c3 − 11673926c2 + 24972848c − 13112400)JJTT
140
+
8
63
(82419c5 − 472936c4 + 592296c3 + 532459c2 − 1667198c + 691120)JG−TG+
+
4
63
(154062c5 − 260355c4 − 1881035c3 + 934900c2 + 1785868c − 2216480) ∂G−JJG+
− 8
189
(162387c6 − 959667c5 + 2759280c4 − 6246750c3 + 8914498c2 − 5511908c − 33840)
×∂G−TG+
− 1
1701
(54675c6 + 6848379c5 − 43308495c4
+113526145c3 − 170739620c2 + 157450836c − 63193680)TTT
+
1
189
(1018647c6 + 452583c5 − 16567187c4
+1693357c3 + 105479556c2 − 164808876c + 61845360) ∂TJT
− 4
189
(364707c5 + 699485c4 − 6863090c3 − 2476570c2 + 19905948c − 12966000) ∂TJJJ
− 1
63
(7c− 15)(88227c5 − 147314c4 − 1119489c3 + 3380864c2 − 2567076c + 12048) ∂TG−G+
− 1
252
(7c − 15)(57c6 + 8226c5 − 251859c4 + 1987048c3 − 4886140c2 + 3480592c + 96576) ∂2T∂J
+
1
189
(48051c6 + 3477747c5 − 5682831c4
−55539159c3 + 172779708c2 − 136399436c + 7347760) ∂G+∂JG−
+
1
1134
(78714c7 − 2554251c6 + 24128973c5 − 85922673c4
+164075709c3 − 274309532c2 + 236074180c − 70633680) ∂2G+∂G−
+
1
189
(31887c6 − 1321581c5 + 10111809c4
−428619c3 − 137873628c2 + 237571892c − 115959760) ∂2G+JG−
+
1
567
(23553c7 − 484050c6 − 1424892c5 + 29078022c4
−92638365c3 + 73614152c2 + 49889100c − 65810480) ∂3G+G−
− 4
63
(7c− 15)(34611c4 − 62194c3 + 131689c2 − 136954c + 88368) ∂JJJT
+
5
63
(7c− 15)(39664c3 + 63461c2 − 244466c + 76752) ∂JJJJJ
+
4
21
(7c− 15)(20809c4 + 3069c3 − 309314c2 + 461464c − 175648) ∂JJG−G+
+
1
504
(7c − 15)(337c5 + 40306c4 − 1579987c3 + 6426392c2 − 8368764c + 3281136) ∂J∂J∂J
− 1
189
(315c7 + 323843c6 − 1819335c5 − 1494483c4
+29524468c3 − 67134976c2 + 46306088c + 2785760) ∂2J∂T
+
1
2268
(2568c7 − 147447c6 − 1266435c5 + 11353227c4
−25725705c3 + 47372884c2 − 110683412c + 112333200) ∂2J∂2J
− 1
2268
(1575c7 + 3588465c6 + 7191555c5 − 107297629c4
141
+108169454c3 + 476070876c2 − 1080325896c + 613164000) ∂3JT
+
1
4536
(6813c7 − 437913c6 + 6426741c5 − 21910947c4
−67185186c3 + 417231796c2 − 608810984c + 293459040) ∂3J∂J
+
1
2268
(4797c7 − 149193c6 + 325857c5 + 11511513c4
−65327910c3 + 118316680c2 − 96538512c + 34015808) ∂4JJ
− 1
252
(7c − 15)(14671c5 − 141822c4 − 825473c3 + 4230208c2 − 3725764c − 94320) ∂2J∂JJ
− 1
378
(7c − 15)(999c5 + 1150854c4 − 5105581c3 + 8815376c2 − 10048020c + 6438672) ∂JTT
− 1
21
(40447c5 + 235146c4 − 1238821c3 − 508264c2 + 4638252c − 3057680) ∂J∂JJJ
− 4
63
(160497c5 − 1534281c4 + 1076126c3 + 14267894c2 − 22331836c + 7982240) ∂G+JJG−
− 1
189
(58725c6 − 96303c5 + 8140831c4 − 19892901c3 − 47933404c2 + 85041532c − 23553200)
×∂G−∂G+J
− 1
189
(111681c6 − 2530203c5 − 7955685c4
+87259695c3 − 166052556c2 + 69500908c + 30118480) ∂G−∂JG+
− 1
189
(53937c6 − 453135c5 − 963849c4 + 5814459c3 − 44129016c2 + 52102964c − 28536880)
×∂2G−JG+
+
2
189
(22959c6 + 77121c5 − 2166540c4 + 3106800c3 + 19998036c2 − 42052496c + 24084400)
×∂2TJJ
+
2
189
(648819c6 − 5104821c5 + 14064021c4 − 15554331c3 + 6539012c2 + 961460c − 406800)
×∂G+G−T
− 2
189
(101567c5 + 769123c4 − 2635318c3 + 10234468c2 − 25947760c + 28292080) ∂2JJJJ
− 1
189
(25536c6 − 341244c5 − 2826253c4 + 15988663c3 − 6292774c2 − 11383008c + 4473840)
×∂3JJJ
− 1
378
(159069c6 + 852561c5 − 7118553c4
+9544203c3 − 20148012c2 + 90610972c − 107219120) ∂2JG−G+
+
1
378
(172017c6 − 4011159c5 + 11551539c4
+61959291c3 − 319949508c2 + 456597580c − 217487600) ∂T∂JJ
+
1
378
(109731c6 − 578729c5 − 438543c4 + 23620053c3 − 33031284c2 − 87846428c + 160660400)
×∂2JJT
− 1
1134
(79416c7 − 910083c6 + 14867961c5 − 77902221c4
142
+114370335c3 + 122665892c2 − 248498260c + 70676880) ∂2G−∂G+
− 1
1134
(47835c7 − 1154514c6 + 99528c5 + 53424738c4
−229088823c3 + 376255232c2 − 201197676c + 361840) ∂3G−G+
+
1
756
(34767c6 − 294753c5 − 13078011c4 + 83073621c3 − 154147308c2 + 45225364c + 74299120)
×∂J∂JT
− 1
567
(8748c7 − 2636469c6 + 10403415c5 + 25981905c4
−185461383c3 + 295692244c2 − 121685180c − 41186640) ∂T∂T
+
1
1134
(54747c7 + 155112c6 − 3254502c5 + 8876512c4
+17035511c3 − 117219200c2 + 127823420c − 32416240) ∂3TJ
− 1
1134
(18171c7 + 344223c6 − 5902779c5 + 8262453c4
+34520856c3 − 44477740c2 − 75595744c + 110467200) ∂2TT
− 1
22680
(105c8 + 96837c7 + 2189421c6 − 8242205c5 − 50622940c4
+299813218c3 − 529190356c2 + 317863280c − 17794560) ∂5J
]
(w)
+
1
(z − w)
1
d(c)
[
− 1
34020
(2700c10 + 13005c9 + 130968c8 − 143702742c7 + 500284020c6 + 4713963729c5
−31266014148c4 + 68264908412c3 − 65202679120c2 + 28281314976c − 7297992000) ∂5T
+
8
189
(1256832c6 − 21988368c5 − 150949083c4
+1177579763c3 − 2405225500c2 + 1504296996c − 198944640) ∂G+JJJG+
− 8
189
(849456c7 − 17026557c6 − 70058022c5 + 937834181c4
−2803475222c3 + 3380729648c2 − 1521336144c + 48396960) ∂G−JTG+
− 1
139
(2535948c8 + 27306369c7 − 163802421c6 − 401973987c5 + 3390486509c4
−5779572926c3 + 1600358228c2 + 2979266280c − 1167717600) ∂G−∂TG+
− 2
567
(2659068c8 + 15024285c7 + 47512983c6 + 279545857c5 − 6152018439c4
+20248988426c3 − 23764255164c2 + 7967357064c + 1809954720) ∂G−∂G+T
+
4
189
(668196c7 + 2762433c6 + 62657758c5 + 89088661c4
−2795656372c3 + 7925558788c2 − 6869258944c + 1796762880) ∂G−∂G+JJ
+
8
189
(875106c7 + 14188944c6 − 11443461c5 − 412800303c4
+1036077102c3 − 406964942c2 − 550212836c + 599577840) ∂G−∂JJG+
+
4
189
(467748c7 − 1427811c6 − 25796121c5 + 609575883c4
143
−3027712821c3 + 5804492824c2 − 3774941972c + 725987520) ∂2G−JJG+
− 2
189
(658476c8 − 2487525c7 − 84682737c6 + 1032563151c5 − 4612786331c4
+9775940010c3 − 9818091028c2 + 3770880024c + 55049760) ∂2G−TG+
+
16
189
(269496c7 − 1273770c6 + 9899405c5 + 87086908c4
−767774059c3 + 1989872268c2 − 2180619948c + 806803200) ∂TJJT
− 2
189
(3105792c6 + 19774972c5 − 17336203c4
+738823903c3 − 3915256860c2 + 5184776676c − 2240866080) ∂TJJJJ
− 8
63
(c+ 18)(4c − 9)(80523c5 − 349672c4 − 334563c3 + 2949988c2 − 3874496c + 1069840)
×∂TJG−G+
− 1
567
(218700c8 − 81427959c7 + 529933107c6 − 729814723c5 − 1636669795c4
+3742140834c3 + 2503288788c2 − 9603271512c + 5128025760) ∂TTT
+
1
567
(3060828c8 + 59617701c7 + 18683631c6 − 2486505495c5 + 7709143017c4
−5396644846c3 − 6456575356c2 + 8359521960c − 296943840) ∂T∂TJ
− 4
189
(1454436c7 + 23901699c6 + 26061894c5 − 724114158c4
+276116517c3 + 4976578288c2 − 8466311636c + 4340777760) ∂T∂JJJ
+
1
567
(3654828c8 + 29483649c7 − 413586165c6 + 219278829c5 + 6195189765c4
−18462511222c3 + 19139061668c2 − 8530109592c + 2566542240) ∂2TJT
− 4
189
(436116c7 + 4115163c6 − 45688737c5 − 27158419c4
+1039527233c3 − 3010834532c2 + 3073714396c − 1129569120) ∂2TJJJ
− 1
63
(728412c8 + 3360285c7 − 66613113c6 + 185815153c5 + 329504409c4
−2457472246c3 + 4356379044c2 − 2812096824c + 302482080) ∂2TG−G+
− 1
756
(1596c9 + 1677177c8 + 2399928c7 − 125161744c6 + 1469240110c5 − 7616200253c4
+18150890398c3 − 18839448532c2 + 5097015720c + 2186157600) ∂2T∂2J
− 1
2268
(3276c9 + 319557c8 − 15477228c7 − 256634968c6 + 2407016866c5 − 8590189625c4
+18242000166c3 − 20911309220c2 + 6003412296c + 3429038880) ∂3T∂J
+
1
567
(191988c8 − 12054981c7 + 136930149c6 + 1420894023c5 − 17379411981c4
+63644622014c3 − 103746408292c2 + 69844158840c − 16214700960) ∂2G+∂G−J
+
1
189
(24300c8 + 174771c7 − 33130905c6 + 183814395c5 + 1065343953c4
−10033024854c3 + 25066284908c2 − 24272226088c + 8413607520) ∂2G+∂JG−
+
2
1701
(46980c9 − 290565c8 − 14115147c7 + 243838455c6 − 185864595c5 − 4952620746c4
144
+17916629818c3 − 24444493736c2 + 13982959416c − 2838062880) ∂3G+∂G−
− 4
567
(39816c8 − 1658346c7 + 38728077c6 + 5737170c5 − 691300545c4
+2102858080c3 − 4214045876c2 + 4923423984c − 2247773760) ∂3G+JG−
+
1
2268
(62640c9 − 1560816c8 − 93560949c7 + 333288687c6 + 2042191759c5 − 12366656451c4
+20729425326c3 − 7055217724c2 − 10735586792c + 7446849120) ∂4G+G−
− 8
189
(c+ 18)(4c − 9)(587028c4 − 774413c3 + 3188783c2 − 4177778c + 4533840) ∂JJJJT
+
8
63
(c+ 18)(4c − 9)(237680c3 + 220973c2 − 1100714c + 753136) ∂JJJJJJ
+
8
21
(c+ 18)(4c − 9)(117496c4 − 263851c3 − 1574409c2 + 3306754c − 2234560) ∂JJJG−G+
+
4(c+ 18)
189
(4c − 9)(141291c5 − 762042c4 + 4618727c3 − 15711872c2 + 26527796c
−14041200) ∂JJTT
−16
63
(c+ 18)(4c − 9)(39684c5 − 156851c4 + 44001c3 + 504134c2 − 964078c + 475520)
×∂JG−TG+
− 2
189
(1730772c7 − 4145529c6 − 197274204c5 + 1208070807c4
−2122442094c3 − 237564164c2 + 3470926552c − 1938169440) ∂J∂JJT
+
20
63
(221800c6 + 2500468c5 − 9758719c4
−30316995c3 + 156834788c2 − 194225012c + 69170400) ∂J∂JJJJ
+
2
21
(341648c7 + 2210359c6 − 26345196c5 + 43371183c4
+186352774c3 − 843515996c2 + 1287402488c − 730208160) ∂J∂JG−G+
− 4
189
(864168c7 + 8924654c6 − 120045031c5 + 644006368c4
−1899786271c3 + 3031168464c2 − 2614023892c + 1026930240) ∂2JJJT
+
5
189
(990208c6 + 17539388c5 − 77591303c4
+76702611c3 − 126701740c2 + 376802516c − 378283680) ∂2JJJJJ
+
8
189
(772008c7 + 16003269c6 − 78079596c5 − 104109147c4
+907472394c3 − 1215054586c2 + 198196868c + 281136240) ∂2JJG−G+
+
1
378
(149220c8 + 8184555c7 + 219388677c6 − 381190633c5 − 6985966733c4
+30533641758c3 − 44416514900c2 + 19690229976c + 3023002080) ∂2J∂G+G−
+
1
504
(9604c8 + 3814691c7 − 7066031c6 − 633932929c5 + 5017729671c4
−15398599186c3 + 21681571676c2 − 12151495016c + 712919520) ∂2J∂J∂J
− 1
6804
(11340c9 + 20135997c8 + 324094482c7 − 1319520834c6 − 7326722208c5
145
+49791378609c4 − 111506612998c3 + 113034966500c2 − 36354286248c − 9335118240)
×∂3J∂T
+
1
4536
(10380c9 − 783867c8 − 5584480c7 + 269274060c6 − 974752386c5 − 3081843917c4
+23868190814c3 − 52910255284c2 + 54463582760c − 23474774880) ∂3J∂2J
− 1
6804
(3780c9 + 7294959c8 + 204371370c7 − 681169902c6 − 3378946500c5 + 9778552227c4
+35990418494c3 − 167939131492c2 + 227549210664c − 104352524640) ∂4JT
+
1
1512
(1716c9 − 92781c8 + 66254c7 + 2832370c6 − 128115680c5 + 833902015c4
−1128653898c3 − 4088320628c2 + 12855689736c − 9712276704) ∂4J∂J
+
1
11340
(15720c9 − 83514c8 − 11345004c7 + 107801173c6 + 841151006c5 − 6440949823c4
+9589448846c3 + 5588219440c2 − 17287283424c + 8342304480) ∂5JJ
− 1
63
(c+ 18)(4c − 9)(25633c5 + 4462c4 + 482213c3 − 6228508c2 + 14794500c − 11239440)
×∂J∂J∂JJ
− 2
63
(c+ 18)(4c − 9)(39235c5 + 62993c4 − 1319228c3 + 5725268c2 − 8247968c + 6258320)
×∂2J∂JJJ
− 1
189
(c+ 18)(4c − 9)(26811c6 + 90411c5 + 3323489c4
−2754519c3 − 34087412c2 + 32848980c + 4683120) ∂G−∂G+∂J
+
1
126
(c+ 18)(4c − 9)(17427c6 + 36759c5 − 964215c4
−6245515c3 + 39946468c2 − 50701884c + 19146160) ∂2T∂JJ
+
1
189
(c+ 18)(4c − 9)(6015c6 − 353291c5 − 1951923c4
+15747003c3 − 20277168c2 − 15791836c + 33432240) ∂2J∂JT
− 1
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(c+ 18)(4c − 9)(39747c6 − 439473c5 + 1518521c4
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63
(50048c5 − 87950c4 − 1615395c3 + 6639000c2 − 7876228c + 3215520)JJJJG−G+
+
1760
63
(34896c6 − 109310c5 − 720956c4 + 4384211c3 − 8814282c2 + 7933696c − 2580480)
×JJG−TG+
+
880
189
(75072c5 − 22400c4 − 949713c3 + 1594868c2 − 1242708c + 182304)JJJJJT
−1760
189
(17920c4 + 18322c3 − 367777c2 + 584066c − 272880)JJJJJJJ
−440
189
(145800c7 − 659337c6 − 1084556c5 + 11396927c4
−24532882c3 + 20544604c2 − 4304856c − 1317600)G−TTG+
− 1
189
(135900c8 − 505629c7 − 5862309c6 + 187355031c5 − 1057859151c4
146
+1450523610c3 + 613593028c2 − 1893510200c + 1670231520) ∂2G−∂JG+
− 8
189
(805392c6 + 41147892c5 − 156526743c4
−799907177c3 + 3903743980c2 − 4587159804c + 1755077760) ∂G+JJJG−
+
8
189
(528696c7 + 27629043c6 − 131000442c5 − 57303479c4
+1049337698c3 − 1738328912c2 + 1090764336c − 164492640) ∂G+JG−T
− 8
189
(924606c7 + 7328217c6 − 132572943c5 + 36015690c4
+2712910794c3 − 7873859162c2 + 7366663228c − 2154448080) ∂G+∂JJG−
− 4
189
(489528c7 − 12054336c6 − 131541c5 + 535667658c4
−3718103061c3 + 10204280224c2 − 11125471532c + 4531181760) ∂2G+JJG−
+
8
189
(163890c8 − 4408800c7 − 3487143c6 + 228738352c5 − 1070678893c4
+2136988528c3 − 1976518650c2 + 712964196c − 3473280) ∂2G+G−T
+
2
189
(56880c8 − 856216c7 − 34653531c6 + 209033484c5 + 25977471c4
−2229375140c3 + 5064950012c2 − 4170576640c + 1038300480) ∂2J∂TJ
+
1
189
(2530116c8 + 22465611c7 − 233016975c6 − 43696737c5 + 4236817959c4
−12458812666c3 + 13519170620c2 − 4242153288c − 1131092640) ∂T∂G+G−
− 2
189
(9324c8 + 5562585c7 − 27531661c6 − 267045139c5 + 2601357233c4
−9011736162c3 + 16116933028c2 − 15167286408c + 5841309600) ∂T∂JT
− 1
378
(276660c8 + 881415c7 − 228416607c6 − 116799917c5 + 9029380823c4
−32234080698c3 + 41114387900c2 − 14426908296c − 4188235680) ∂2J∂G−G+
+
1
252
(28620c8 − 3857591c7 − 28006981c6 + 384892509c5 − 558492899c4
−4621672870c3 + 19529757972c2 − 28925192760c + 15743440800) ∂T∂J∂J
−1760
567
(78516c6 − 128676c5 − 272257c4 − 2046118c3 + 10495212c2 − 14684472c + 5922720)
×JJJTT
− 1
567
(169308c8 + 7476609c7 − 48167547c6 + 288089697c5 + 4730417163c4
−39733102610c3 + 97545097348c2 − 84318805848c + 23973878880) ∂2G−∂G+J
− 2
567
(64116c8 + 784527c7 − 30905952c6 + 140768751c5 + 727952880c4
−6375760138c3 + 14498198648c2 − 11281348392c + 3385640160) ∂3G−JG+
− 2
567
(282372c7 + 1832811c6 − 51929c5 − 183969763c4
−1057024799c3 + 5972757636c2 − 5459361108c + 247272480) ∂3JJJJ
− 1
1134
(79020c9 − 2558907c8 + 20295987c7 + 477492177c6 − 6769121979c5 + 34420832226c4
147
−88945752796c3 + 121576254752c2 − 76450845360c + 17710375680) ∂2G−∂2G+
+
1
567
(122868c8 + 1706703c7 − 59540139c6 − 101294885c5 + 1967154123c4
−3761692914c3 − 1008545380c2 + 5491603864c − 3341391840) ∂3TJJ
− 1
1134
(108468c8 − 1487385c7 − 72427635c6 + 78196059c5 + 2451552783c4
−10228586846c3 + 17438203276c2 − 15069737880c + 5415815520) ∂4JJJ
− 1
378
(14940c9 − 1780647c8 − 12101562c7 + 146091846c6 − 136796020c5 − 2014957467c4
+7763992546c3 − 10888217580c2 + 5058841464c + 516106080) ∂2T∂T
+
440
1701
(218700c7 − 654759c6 + 1552032c5 − 24397223c4
+119501698c3 − 247092684c2 + 236806776c − 87726240)JTTT
− 1
2268
(663324c8 − 4225851c7 − 314167077c6 − 23872215c5 + 13216047789c4
−51958623502c3 + 76280987540c2 − 42364422168c + 4496182560) ∂2J∂2JJ
+
1
1134
(324900c8 − 3789141c7 + 15884877c6 − 358419433c5 − 1463814821c4
+22363345502c3 − 76141527108c2 + 110566594104c − 59261928480) ∂3JJT
− 1
2268
(878076c8 − 13769811c7 − 611873025c6 − 206858007c5 + 17525367993c4
−28669193798c3 − 46241240236c2 + 124926567208c − 76100940000) ∂3J∂JJ
− 1
3402
(191484c9 − 2320119c8 − 49491960c7 + 929777388c6 − 4437518802c5 − 617618961c4
+55963744870c3 − 137773727348c2 + 107590940328c − 22382650080) ∂3G−∂G+
− 1
4536
(127872c9 − 868068c8 − 74651247c7 + 187583217c6 + 2199813789c5 − 14209849037c4
+38169725622c3 − 52608313412c2 + 32376970424c − 8013814560) ∂4G−G+
− 1
1134
(27972c8 + 86682291c7 + 485749025c6 − 7037482529c5 + 22528567935c4
−26413043018c3 + 4953558972c2 + 7535542392c − 919499040) ∂2JTT
− 1
3402
(50220c9 − 1057923c8 − 208978824c7 + 592836684c6 + 1724525830c5 − 6436904581c4
+4152483838c3 − 5104890708c2 + 20264031144c − 17806301280) ∂3TT
+
1
6804
(234576c9 + 3430152c8 − 38975847c7 − 410863911c6 + 2416398513c5 + 7373924155c4
−67920494810c3 + 149424137268c2 − 120241255896c + 31105749600) ∂4TJ (J.2)
− 1
204120
(540c10 + 439965c9 + 15257133c8 + 492920787c7 − 1947291627c6 − 14544218028c5
+105271986982c4 − 258277861072c3 + 286385121712c2 − 119379586992c + 3559550400)
×∂6J
]
(w) + · · · .
Here d(c) was given in Appendix (G.11). In the large c limit, all the nonlinear terms in
Appendix (J.2) disappear. One can also analyze the 1
c
, · · · , 1
c6
-terms.
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J.3 The component OPEs in the OPE W
(72 )
− 13 (Z1)W
(72 )
− 13 (Z2)
The 4 component OPEs corresponding to Appendix (G.12) can be summarized by
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3
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+ · · · . (J.3)
In the large c limit, all the nonlinear terms in Appendix (J.3) disappear. One can also analyze
the 1
c
, · · · , 1
c3
-terms.
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